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New trans crip t ion factor of MHC class II genes, 
substances capable of inhibiting this new transcription 
factor and medical uses of these substances 

The present invention relates to a novel 
trancription factor of MHC class II genes and its 
derivatives, inhibitors capable of down-regulating the 
expression of MHC class II molecules, process to 
identify these inhibitors and medical uses of these 
inhibitors . 

The invention also relates to a novel protein 
complex comprising this new transcription factor and 
other transcription factors, together with CIITA, and 
to methods of identifying inhibitors capable of 
inhibiting the formation of the complex. 

MHC class II molecules, for example HLA-DR, HLA- 
DQ and HLA-DP in humans are transmembrane heterodimers 
that are essential for antigen presentation and 
activation of T lymphocytes. They are encoded by a 
multi-gene family and are highly regulated in their 
expression. 

Abnormal or aberrant expression of MHC class II 
genes leads to an aberrant T cell activation, which 
leads to an abnormal immune response. 

Such abnormal immune response is a cause of 
inflammation events, autoimmune diseases or rejections 
of transplanted organs . 

There is an important need to downregulate the 
expression of MHC class II molecules in order to treat 
or prevent the above cited clinical events. 

A powerful means of obtaining MHC class II 
downregulation or immunosuppression consists in 
intervening on the transcription (transcriptional 
intervention) of the MHC class II genes. 
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The present invention relates to a novel 
trancription factor of MHC class II genes and its 
derivatives, inhibitors capable of down- regulating the 
expression of MHC class II molecules, process to 
identify these inhibitors and medical uses of these 
inhibitors . 

The invention also relates to a novel protein 
complex comprising this new transcription factor and 
other transcription factors, together with CIITA, and 
to methods of identifying inhibitors capable of 
inhibiting the formation of the complex. 

MHC class II molecules, for example HLA-DR, HLA- 
DQ and HLA-DP in humans are transmembrane heterodimers 
that are essential for antigen presentation and 
activation of T lymphocytes. They are encoded by a 
multi-gene family and are highly regulated in their 
expression. 

Abnormal or aberrant expression of MHC class II 
genes leads to an aberrant T cell activation, which 
leads to an abnormal immune response. 

Such abnormal immune response is a cause of 
inflammation events, autoimmune diseases or rejections 
of transplanted organs . 

There is an important need to downregulate the 
expression of MHC class II molecules in order to treat 
or prevent the above cited clinical events. 

A powerful means of obtaining MHC class II 
downregulation or immunosuppression consists in 
intervening on the transcription (transcriptional 
intervention) of the MHC class II genes. 



Transcriptional intervention can be achieved by 
acting on the transcription factors which are involved 
in the transcription of MHC class. II genes. 

The transcription factor which is the target of 
the transcriptional intervention has to be essential 
and specific for the expression of the genes that one 

wants to inhibit. 

Such essential and specific transcription factors 

are however rare . 

Therefore, there is a great need to identify such 

a transcription factor. 

The invention relates to such a new transcription 
factor called RFX-ANK which is a subunit of the 
heterotrimeric transcription complex called RFX that 
binds to the conserved X box motif of. all MHC II 
promoters . 

Much of what we know today about this important 
transcriptional factor called RFXANK results from the 
study of a rare genetic disease related to MHC class II 
deficiency. 

MHC class II deficiency is an unusual autosomal 
recessive disease in which the genes implicated in the 
phenotype (MHC- II genes) are in fact intact. Instead, 
the original defect results from mutations in several 
different trans -acting regulatory genes responsible for 
the regulation and expression of MHC- 1 1 genes 1,2 . 

In MHC-II deficiency, there is a complete loss of 
expression of all MHC-II genes, which leads to a form 
of severe primary immunodeficiency 1 ' 2 . Patients have 
repeated infections and frequently die before the age 
of 10. All clinical manifestations and phenotypic 
features of these patients can be attributed to the 
defect in the expression of MHC-II genes 3,4 . Because of 
the key role of the tight and complex regulation of 
MHC-II genes in the control of the immune response, the 
recognition of MHC-II deficiency as a disease of gene 



regulation has led to a wide interest in the search for 
the regulatory factors that are involved. These factors 
are important elements controlling the development, 
homeostasis and effector functions of the immune 
system. 

Although clinically homogeneous, the disease is 
genetically heterogeneous. There are four distinct 
genetic complementation groups (A-D, refs.5-7), which 
reflects the existence of four essential regulators of 
MHC-II expression 2 . The regulatory genes that are 
defective in complementation groups A (MHC2TA) , C 
(RFX5) and D (RFXAP) have been identified 8 " 10 . CIITA 
(MHC2TA gene product) is a non DNA binding co- 
activator, -whose expression controls the cell type 
specificity and inducibility of MHC-II genes 8 ' 11,12 . RFX5 
and RFXAP are two subunits of RFX, a multi -protein 
complex that binds to the conserved X box motif of all 
MHC-II promoters 13,14 . Mutations in either RFX 5 or RFXAP 
abolish binding of RFX and transcription of MHC-II 
genes 

The molecular defect responsible for 

complementation group B, although it accounts for the 
great majority of MHC-II deficiency patients, has 
remained elusive. Like complementation groups C and D, 
group B is characterized by a specific lack of binding 
of the RFX complex to the X box of MHC-II 
promoters 2,13,14 , suggesting a defect in an additional 
subunit of RFX. However, neither complementation of 
defective cells, an approach that had led to the 
cloning of MHC2TA (ref.8) and RFX 5 (ref.9) genes, nor 
classical affinity purification of the RFX complex, 
which had allowed the cloning of RFXAP (ref.10), have 
permitted us, or other laboratories, to identify the 
gene that is affected in complementation group B. 

The fact that the great majority of all MHC-II 
deficiency patients belong to group B had highlighted 



this group as a challenge. This remained the case after 
the cloning of the three regulatory genes affected in 
groups A, C and D (ref s . 8-10) . We and others have 
attempted to solve group B by a variety of strategies . 
These have included functional complementation assays 
similar to those that had led to the discovery of CIITA 
(ref. 8) and RFX5 (ref. 9), classical- multistep 
purification, as was used in the identification of 
RFXAP (ref. 10), mutagenesis by retroviral insertion, 
two hybrid selection systems in yeast and genetic 
localization by linkage studies. The approach that 
finally turned out to be successful is an efficient 
single step DNA affinity purification procedure that 
exploits the remarkable stability of a large multi- 
protein complex formed by RFX, X2BP, and NF-Y, which 
bind cooperatively to a longer segment of MHC-II 
promoters (the X-X2-Y box region) 18 ' 19 ' 23 (see Fig. 6). 
The very high stability of this large complex 
represents an obvious advantage in terms of the yield 
and enrichment obtained in the purification procedure. 
Another major advantage is that it allows the selection 
of those factors that are part of a physiologically 
relevant multi-protein-DNA complex, at the expense of 
numerous other proteins capable of binding individually 
to the isolated X, X2 , and Y motifs. Thus, in addition 
to RFX purification, it allows the co-purification of 
the biologically relevant X2 and Y box-binding factors. 

Thus, here we report the isolation of a novel 
subunit of the RFX complex by an efficient single-step 
DNA-affinity purification approach. This procedure 
takes advantage of a strong co-operative protein- 
protein interaction that results in the highly stable 
binding of three distinct mult i -protein transcription 
factors - RFX, X2BP (ref. 16) and NF-Y (ref .17) - to the 
X-X2-Y region of MHC-II promoters 10,18 ' 19 . The higher 
order RFX -X2BP- NF-Y complex formed on DNA contains the 



physiologically relevant proteins involved xn the 
Ltivation o f MHC-II Peters. Kith the use of th 
ne w affinity purification procedure, the novel 

, „f r he RFX complex called RFXANK was 
component of tne 

identified and the corresponding gene was isolated 

This gene is capable of fully correcting the MHC- 
H expression defect of cell lines from several 
patients in . complementation group B and it was indeed 
found to be mutated in these patients. The ammo acid 
sequence revealed a series of ankyrin repeats, a well 
defined protein-protein interaction motif"-, and this 
novel factor was therefore called RFXANK. We also 
demonstrate here that RFXANK is essential for binding 
of the RFX complex to the X box of MHC -II promoters. 

RFXANK is shown here to have a dramatic effect on 
the binding of the RFX complex to the X box motif. 
RFX5, which possesses a characteristic DNA-bindmg 
domain (the RFX DBD motif"), cannot bind to its 
natural DNA target, either alone', or in the presence 
of RFXAP (ref.10). The X box-binding activity is 
restored, however, when RFX5 and RFXAP are co- 
translated together with RFXANK, demonstrating that the 
presence of each of the three subunits is required 
(Fig 5) The existence of ankyrin repeats within 
RFXANK suggests that this motif mediates interactions 
between the different subunits of the RFX complex. 
Ankyrin repeats are protein-protein interaction motifs 
known to be implicated in a- wide range of biologically 
important regulatory events, such as the binding of the 
P 53 binding protein (53BP2) to its target 30 , of IkB to 
NF-kB (refs.31,32) and of. INK4 kinase inhibitors to 
CDK4/6 (ref.33). However, ankyrin repeats have been 
described only rarely in transcription factors. An 
example of particular interest is GABP , a heterodimeric 
transcription factor composed of a DNA- binding ^ a 
subunit and a b subunit containing ankyrin repeats 28 ' 29 . 



Interestingly, the binding of GABPb to GABPa- which is 
mediated by the ankyrin region of GABPb - greatly 
enhances the affinity of GABPa to . its DNA target 34 " 35 . By 
analogy, we propose that interactions between RFXANK 
and RFX5, in the presence of RFXAP, induce ' structural 
alterations that allow the DNA binding domain of RFX5 
to bind the X box of MHC-II promoters. Alternatively, 
the ankyrin repeats of RFXANK may be involved in other 
functionally essential interactions, such as the 
cooperative interactions that stabilize the higher 
order RFX-X2BP-NF-Y complex or direct contacts between 
RFX and the co-activator CIITA. 

The human RFXANK gene was identified in genomic 
sequences available in GenBank. This allowed us to 
establish rapidly the entire intron-exon organization 
of the RFXANK gene (see Fig. 5) . Furthermore, it 
allowed ■ us to confirm and extend our initial 
chromosomal mapping to 19p of the gene involved in 
group B of MHC-II deficiency. This localization was 
obtained from linkage studies with a small number of 
informative families. The RFXANK gene is located on 
human chromosome 19, at 19 pl2, between markers D19S566 
and D19S435 (see GenBank accession numbers AD000812 and 
AC003110) . The availability of the RFXANK gene will 
make possible an analysis of potential polymorphism. We 
suggest that the RFXANK gene, like the three other 
transact ivator genes that control MHC-II expression, 
should be examined closely for possible polymorphic 
diversity, either in coding or control regions. This 
may be relevant to various forms of immunopathology . 

RFX 5 and RFXAP are expressed constitutively in 
all cell types tested and the corresponding genes are 
not known to be regulated. It is likely that expression 
of the RFXANK gene exhibits the same ubiquitous pattern 
since the corresponding ESTs (over 80 different clones) 
have been isolated from a wide variety of different 



tissues. The gene encoding CIITA (MHC2TA) , on the other 
hand is extremely tightly regulated, with a 
constitutive expression that . is restricted to 
professional antigen presenting cells. It as the 
expression of CIITA, either constitutive in certain 
specialized cells or inducible in others, that 
determines activation of MHC-II promoters 11 ' 12 . Thus, two 
distinct regulatory components, the ubiquitously 
expressed RFX complex and the highly regulated 
transactivator CIITA, must act in concert. 

Several features make MHC-II deficiency unique 
among diseases of gene regulation. First, patients from 
the different genetic complementation groups have 
indistinguishable clinical features 2 " 4 . Thus, defects in 
four distinct and unrelated genes (MHC2TA, RFX5 , RFXAP 
and RFXANK) all result in a single disease having a 
remarkably homogeneous clinical and biological 
phenotype. Second, the factors involved in this disease 
exhibit a very tight control over MHC-II gene 
expression. This control cannot be compensated for by 
other redundant regulatory mechanisms. In contrast, 
defects in many other regulatory genes such as Oct2, 
Obf 1 or MyoDl frequently reveal the existence of 
alternative pathways of activation of the specific 
genes that are under their -control. Third and most 
important, no other genes, except for the MHC-II 
related HLA-DM and Ii genes, are known to be affected 
significantly in MHC-II deficiency. All observed 
symptoms and biochemical features of the disease can be 
attributed to a single defect, namely a general lack of 
both constitutive and inducible expression of MHC-II 
genes in all cell types 2 ' 4 . This indicates that all four 
trans-activating factors (CIITA, RFX 5 , RFXAP and 
RFXANK) are dedicated to the control of MHC-II genes. 
This restriction in specificity is also uncommon. 
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Indeed, genetic defects in many transcription 
factors, in particular in those affected in human 
diseases, result in pleiotropic effects almost always 
involving complex developmental disorders (for review 
see 36) . This is because the majority of regulatory 
genes affected in human diseases - in contrast to the 
four transact ivators defective in MHC-II deficiency - 
are implicated in the control of multiple different 
target promoters and genes. In the case of the three 
subunits of RFX, the restricted specificity contrasts 
with their ubiquitous pattern of expression. 

The discovery of RFXANK as the gene affected in 
complementation group B of MHC-II deficiency has 
allowed us to complete the elucidation of the molecular 
and genetic basis of this disease. Two features make 
this disease of gene regulation highly unusual: First, 
defects in any one of four entirely different 
transcriptional transact ivators lead to the very same 
clinical and phenotypic manifestations. Second, each of 
these four MHC-II transact ivators is not only essential 
for the control of MHC-II gene expression but is also 
dedicated to the control of these genes, without 
playing any major role in the transcriptional control 
of other genes. 

It is known from the phenotype of patients of 
complementation group B and of cell lines from such 
patients, that RFX-ANK factor is indeed both essential 
for the activity of MHC class II genes and specific in 
its effect on these genes . 

Thus, the new transcription factor of the 
invention has two essential and unusual characteristics 
that makes it suitable as a target for transcriptional 
intervention. 

In the context of this invention, it has 
furthermore been proven that CIITA is a gene- specif ic 
co- activator that is recruited to MHC-II promoters by 



multiple interactions with an enhanceosome complex. 
Major Histocompatibility Complex class II (MHC-II) 
molecules are transmembrane glycoproteins playxng a 
central role in the development and control of the 
adaptive immune response. They are encoded by a family 
of genes that are co-regulated at the level of 
transcription by a 150' bp regulatory module conserved 
in their promoter proximal regions. This module 
contains four sequences, the W, X, X2 and Y boxes, that 
contribute synergistically to optimal promoter 
activity. Three ubiquitously expressed factors, RFX, 
X2BP and NF-Y bind co-operatively to the X, X2 and Y 
boxes to form a remarkably stable higher-order 
nucleoprotein complex (enhanceosome) . Enhanceosome 
assembly is essential but not sufficient for MHC-II 
transcription. This ultimately depends on CIITA, a 
highly regulated and gene specific factor that governs 
all spatial, temporal and quantitative aspects of MHC- 
II expression. CIITA was first identified as a factor 
that is mutated in MHC-II deficiency, a hereditary 
disease of gene regulation characterized by the absence 
of MHC-II expression. Despite extensive studies, its 
mode of action has remained unclear. Here we show for 
the first time, that CIITA is physically recruited to 
MHC-II promoters, by a mechanism implicating multiple 
protein-protein interactions with the enhanceosome. 
CIITA thus represents a paradigm for a novel type of 
gene-specific and highly regulated transcriptional co- 
activator . 

CIITA is a master control factor determining the cell 
type specificity, induction and level of MHC-II 
expression. It thus represents a key molecule in the 
regulation of adaptive immune responses. Despite the 
widespread interest this has evoked, surprisingly 
little has been learned on how CIITA actually exerts 
its control over MHC-II genes. It has been postulated 
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to activate transcription via putative N- terminal 
acidic and proline/serine/threonine/ rich activation 
domains capable of contacting components of the general 
transcription machinery. However, there was no eviaence 
that CIITA actually functions at the level of MHC-II 
promoters. Physical interactions between CIITA and MHC- 
II promoter binding, proteins have not been reported, 
in conclusion, the data presented here demonstrate that 
CIITA is a transcriptional co-activator that is 
recruited to the MHC-II enhanceosome via .multiple 
protein-protein interactions with DNA bound activators. 
Factors binding to the W, X, X2 and Y sequences are all 
involved in creating the CIITA docking interface. This 
is in full agreement with previously published data 
demonstrating that CIITA exerts its function via these 
four promoter sequences. The mechanism documented here 
is characteristic for recruitment of components of the 
general transcription machinery. CIITA however, is a 
gene specific regulatory co-activator that is not part 
of the general transcription machinery. The approach we 
have developed here can now be exploited to address 
several unresolved issues concerning the mode of action 
of CIITA, including which additional known or unknown 
factors it brings to the MHC-II promoter, which general 
transcription factors it is capable of recruiting and 
how it collaborates with the other enhanceosome 
components to activate transcription . 

Co-activators are generally pleiotropic in their 
function and are recruited to many unrelated promoters 
by interactions with a large variety of transcription 
factors. They generally do not play a regulatory role, 
but simply serve as relays or effectors mediating 
chromatin remodeling or transcription activation . 
Regulation is instead almost invariantly achieved by 
the combinatorial control exerted by multiple DNA- 
binding regulatory factors assembled on promoters 
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and/or enhancers. The situation is strikingly different 
in the MHC-II system, where regulated expression is 
determined by a co- activator rather than by DNA bound 
factors. The MHC-II enhanceosome consists of 
ubiquitously expressed DNA-binding proteins that serve 
as a landing pad for CIITA. In contrast, CIITA is 
expressed in a highly regulated pattern that governs 
the cell type specificity, induction and level of MHC- 
II expression. Moreover, genetic evidence derived from 
MHC-II deficiency patients and knockout mice has 
demonstrated that CIITA is highly specific for MHC-II 
genes. CIITA is thus a paradigm for a novel type of co- 
activator that acts both as a specificity factor and as 
a master controller exerting a tight qualitative and 
quantitative control. This raises a number of 
intriguing and unresolved questions. Why has the 
mechanism controlling MHC-II expression evolved such a 
strict dependence on a single gene- specif ic and highly 
regulated co- activator, rather than relying on DNA 
bound activators as in other systems ? Is this 
situation unique, or have co-activators with similar 
properties not yet been identified in other systems ? 
Via its control over MHC-II expression CIITA plays a 
key role in the regulation of adaptive immune 
responses . 

-d£7~7" Ths. invention relates to a protein or a peptide 
^p&pable ok restoring the MHC II expression in cells 
from MHC riv defiency patients in complementation 
group B and comprising all or part of the amino acid 
sequence shown in\£igure 2 . 

The cells from MHC II deficiency patients in 
complementation' group B may be chosen among BLS1 cell 
lines (reference 6) , Na cell lines (reference 40) or Ab 
cell lines (reference 14) . 
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The MHC II molecules which are restored by a 
protein or a peptide of the invention can be chosen 
among the HLA-DR, HLA-DP or HLA-DQ molecules. 

Ae invention relates to a protein or a peptide 
_o^sisti\g or comprising the amino acid sequence shown 
in figure\2 or an amino acid sequence having at least 
80 %, 90 \ and preferably at least 95 %• identity or 
similarity Vith the amino acid sequence shown in figure 
2. The inversion relates also to a protein or a peptide 
consisting o A comprising the amino acid sequence of a 
functional paVt of the amino acid sequence shown in 
figure 2 or of\an amino acid sequence having at least 
80 %, 90 % andXpreferably at least 95 % identity or 
similarity with ^ functional part of the amino acid 
sequence shown figure 2. The functional parts, 

homologous sequences and parts thereof are referred to 
as "deri 

invention also relates to a functional part 
oP^he aVno acid sequence shown in Figure 2 free of 
the remainder of said amino acid sequence, optionally 
in association^ with an amino acid sequence different 

from said remainder. 

The invention relates to a protein or a peptide 
consisting or comprising the amino acid sequence of 
RFX-ANK of another species than human, especially pig, 
or an amino acid sequence having at least 80 %, 90% and 
preferably at least 95 % identity or similarity with 
the amino acid sequence of RFX-ANK of another , species 
than human, especially. The invention relates also to a 
protein or a peptide comprising the amino acid sequence 
of a functional part of the amino acid sequence of RFX- 
ANK of another species than human, especially pig, or 
of an amino acid sequence having at least 8 0 %, 90 % 
and preferably at least 95 % identity or similarity 
with a functional part of the amino acid sequence of 
RFX-ANK of another species than human, especially pig. 
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The functional parts, homologous sequences and parts 
thereof are referred to as "derivatives". 

A « percentage of identity » between two 
sequences may be defined as the number of identical 
residues between these sequences after maximal 
alignment divided by the total number of residues of 
the shortest sequence in length plus or minus the gaps. 

A « percentage of similarity » between two 
sequences may be defined as the number of similar 
residues between these sequences after maximal 
alignment divided by the total number of residues of 
the shortest sequence in length plus or minus the gaps. 
-r-^p-A « functional part » is a part which has 
conserved the\ function of the protein having the amino 
acid sequence S^hown in figure 2 (RFX-ANK) . 

T?he function of the protein having the amino acid 
jPquence\ shown in figure 2 (RFX-ANK) can be defined as 
the capacity to enable the functional transcription of 
MHC class\ II genes, via the RFX complex, and 
consequent ly\ the expression of MHC class II gene 
^ps ducts . — 

A function of the protein having the amino acid 
sequence shown in figure 2 (RFX-ANK) can be recognised 
as the capacity to correct the MHC II expression defect 
of cell lines from patients in complementation group B. 

A function of the protein having the amino acid 
sequence shown in figure 2 (RFX-ANK) is achieved 
globally by a series of sequential steps involved. 
idrfffl" ThOe, each of these steps can be considered, in 
J^he context of the invention, as being the direct or 
indirect function of the protein having the amino acid 
segue nce - p fr < ->*« t in figure 2 (RFX-ANK) . 

Consequently, a function of the protein having 
le amino acid sequence shown in figure 2 (RFX-ANK) 
signifies the capaoity to allow the expression of MHC 
class II molecules, \to allow the transcription of an 
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MHCv class II gene, to allow the expression or the 
translation of an MHC class II protein or peptide, to 
allow 5he formation of the RFX complex, to allow the 
binding >of the RFX complex to its DNA target 
(especiallyv the X box motif) , to allow the interaction 
between the \RFX complex and at least one of the 
transcription factors X2BP, NF-Y or CIITA,- to allow a 
cooperative interaction that stabilizes the higher 
order RFX-X2BP-NF-Y >qomplex, to direct contacts between 
RFX and the co-activkor CIITA, to allow binding of 
RFX 5 to the X box, or to\orrect the MHC II expression 
defect of cell lines from patients in complementation 
grojip_B- 

a preferred embodiment, a function of the 
:em naving the amino acid sequence shown in 
figure 2 (RITX-ANK) is to allow the interaction between 
the RFX complex and CIITA, to allow a cooperative 
interaction th\t stabilizes the higher order RFX-X2BP- 
NF-Y complex, t&i direct contacts between RFX and the 

m-arfival-nr PTTTftN n3S-fcfaS~- recrui tmeilL u£ CIITA. 

<- ( A « functional part » may not comprise some of 
the residues of the N- terminal domain of the amino acid 
sequence shown in figure 2. In particular, a 
« functional part » may exclude the 65, 70, 80, 90, 91, 
100, 110 first residues of the N-terminal region of 
the amino acid sequence shown in figure 2 . 

The invent?i > on relates to a protein or a peptide 
^comprising the amiho acid sequence shown in figure 2 
'and part thereof, or i^n amino acid sequence having at 
least 80 %, 90 % and preferably at least 95 % identity, 
similarity or homology witri\the illustrated sequences 
and part thereof . The homologate sequences and parts 
Jihexeaf— axe— E^e«?ed— to_as_ 



LderivaC 



Part of a protein or a peptide may be fragments 
of at least 6 amino acids, preferably at least 2 0 amino 
acids . 
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The amino acik sequence shown in figure 2 is the 
__uman sequence of Rf\-ANK. Derivatives of the figure 2 
sequence may.be agonists or antagonists of the RFX-ANK 
£^nc£i^n-as rfpf ined— bejre 

In a further embodiment, the invention relates to 
a protein or a peptide comprising the amino acid 
sequence of RFX-ANK of other species than human and 
part thereof, especially pig and to the amino acid 
sequence having at least 80 %, 90% and preferably at 
least 95 % identity, similarity or homology with these 
amino acid sequences and part thereof . 

The amino acid sequence of RFX-ANK of other 
species can be obtained by standard methods like cross 
hybridization at low stringency (see Maniatis) . 

The invention also relates to an antibody capable 
of specifically recognising a protein or a peptide of 

the invention. 

The invention relates to a protein complex 
comprising cellular proteins capable of binding to the 
W-X-X2-Y box of MHC-class II promoters and CIITA. 

A protein complex as mentioned above may comprise 
a CIITA wich is chosen in the following group : a 
recombinant or recombinantly produced CIITA, a mutant 
CIITA, a mutant CIITA which has greater affinity for 
the MHC-class II enhanceosome than a wild-type CIITA 
and a truncated version of a wild-type CIITA. 

The invention relates to antibodies capable of 
specifically recognizing a protein complex recited in 
the two preceding paragraph 

A « protein or a peptide of the invention » 
refers to proteins or peptides and to their 
derivatives, parts, homologues or functional parts 
which are described in this application as belonging to 
the invention. 

Such antibody can be obtained by standard 
methods. In vitro methods are for example ELISA assays. 
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In vivo methods consist for example in administering to 
an organism a protein or a peptide of the invention in 
order to produce antibodies. specific of the 
administered protein or peptide. 

In vivo and in vitro methods may of course be 
used in a complementary way to obtain antibody. 

Antibodies of the invention may be monoclonal . 
Monoclonal antibody can for example be produced by the 
technique of hybridoma. 

Antibody of the invention may be single chain 
antibody. Techniques to generate single chain antibody 
are well known. 

The invention also relates to a nucleic acid 
molecule (RNA, DNA or cDNA) encoding a protein, a 
peptide or an antibody of the invention. 

The invention also relates to a polynucleotide 
(RNA, DNA or cDNA) comprising a nucleic acid sequence 
which encodes a protein, a peptide or an antibody of 
the invention. 

The invention also relates to a polynucleotide 
which hybridizes, preferably under stringent 
conditions, to a nucleic acid molecule or a 
polynucleotide of the invention. 

^Qj§i( The nucleic acid molecule of the invention may 
comprise all orNpart of the nucleotide sequence 
illustrated in figure. 2 (GenBank Accession Number : 
Human -RF3 CANIC cDNA AF0P 4 T& O) . 

A part of a nucleic acid molecule or of a 
nucleotide sequence corresponds to at least 18 
nucleotides, and preferentially at least 60 
nucleotides . 

The invention relates also to nucleic acid 
molecule capable of hybridizing in stringent condition 
with the nucleic acid molecule of the invention. 

Typical stringent conditions are those where the 
combination of temperature and salt concentration 
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chosen to be. approximately 12-20°C below the Tm 
(melting temperature) of the hybrid under study. 

In\ a further embodiment, the invention relates to 
^nucleic acid molecule comprising the nucleotide 
'sequence Vllustrated in figure 2 to a nucleotide 
sequence exhibiting at least 90 % identity with said 
nucleotide s\quence or to a part of said nucleotide 




-sequence . 

In an embodiment, the invention relates to a 
polynucleotide consisting of or comprising a nucleotide 
sequence which exhibits at least 60%, 70% , 8 0% or 90 % 
identity or similarity with a nucleotide sequence of 
the invention or with a polynucleotide of the 
invention . 

In another embodiment, the invention relates to 
the nucleotide sequence of the RFX-ANK gene of other 
species than human (especially pigs) to the nucleotide 
sequence having at least 60 % or 70% identity and 
similarity with said nucleotide sequence and to a part 
of said nucleotide sequences. 

The invention relates particularly to the mouse 
RFXANK nucleotide sequence (GenBank Accession Number : 
Mouse RFXANK cDNA AF094761-see figure 3) , to the 
nucleotide sequence having at least 60% or 70 % 
identity with these nucleotide sequence and to a part 
of said nucleotide sequences. 

In another embodiment, the invention relates to a 
nucleic acid molecule comprising a sequence 
complementary to a nucleic acid molecule of the 
invention or to a polynucleotide of the invention. 

In a further embodiment, the invention relates to. 
an ant i -sense molecule or a ribozyme comprising a 
nucleic acid molecule or a polynucleotide as recited in 
the preceding paragraph. 

A nucleic acid molecule of the invention or a 
polynucleotide of the invention may have at least 20, 
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50, 80, 150, 200, 400, 450 or 500 nucleotides and 
preferably at least 40. The invention relates also to 
a vector comprising a nucleic acid molecule of the 
invention or being able to express an anti -sense 
molecule or a ribozyme of the invention. 

A peptide, a protein or a nucleic acid molecule 
of the invention is called a transcription factor of 
the invention. 

After the transcriptional intervention target 
(transcriptional factor of the invention) has been 
identified, the transcriptional intervention then 
requires the identification of inhibitors or inhibitory 
molecules (by biochemical in vitro screening and/or by 
cell based screening) followed by tests of putative 
inhibitors in animal models. 

The invention relates to « inhibitory molecules » 
or « inhibitors » . 

In a first embodiment, « Inhibitory molecules » 
or « inhibitors » are substances which have the 
capacity to inhibit a function or an activity and 
especially a function or an activity of the invention. 

The capacity to inhibit may be the partial or 
total capacity to block, repress, suppress, stop, 
abolish, compete with or downregulate, a function or an 
activity. 

A function or an activity of the invention may be 
the capacity to enable the functional transcription of 
MHC class II genes, via the RFX complex, and 
consequently the expression of MHC class II gene 
products . 

A function or an activity of the invention may be 
the capacity to enable the functional transcription of 
MHC class II genes, via the recruitment of CIITA, and 
consequently the expression of MHC class II gene 
products . 
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The recruitment of CIITA may be " defined as the 
binding or fixation of CIITA to the MHC-class II 
enhanceosome . The MHC-class II. enhanceosome may be 
defined as the complex between a fragment of DNA 
comprising the W-X-X2-Y region of MHC class II 
promoters and the DNA binding multiprotein complex 
which binds specifically to this region. The W-X-X2-Y 
region of MHC class II promoters is described in 
reference . number 52 . The DNA binding multiprotein 
complex comprises the transcription factors called RFX, 
X2BP, NF-Y and a fourth one which has not yet been 
cloned. The transcription factor RFX is a multi-subunit 
transcription factor which comprises the RFX-ANK, RFX- 
AP and RFX 5 subunits. 

In a second embodiment, « Inhibitory molecules » 
or « inhibitors » of a molecule are substances which 
have the capacity to inhibit a function, an . activity or 
synthesis of a molecule of interest . The molecule of 
interest may be a nucleic acid molecule or a peptide, or 
a protein. 

The capacity to inhibit may be the partial or 
total capacity to block, repress, suppress, stop, 
abolish, compete with or downregulate, the function, or 
the synthesis of the molecule of interest. 

The molecule of interest of the present invention 
pro\ein, a peptide or a nucleic acid molecule of 
the invention encoding said protein or peptide. The 
molecule is^^called a transcription factor of the 
invention. The^transcription factors may be RFX-ANK as 
shown in figure \ or derivatives thereof as described 

earlie r— -""""""^ 

The function of a transcription factor of the 
invention, particularly the transcription factor RFX- 
ANK and its functional derivatives can be defined as 
the capacity to enable the functional transcription of 
MHC class II genes, via the RFX complex, and 
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consequently the expression of MHC class II gene 
products . 

A function of the invention can be recognised as 
the capacity to correct the MHC II expression defect of 
cell lines from patients in complementation group B. A 
function of the invention, of a molecule or of a 
transcription factor of the invention is achieved 
globally by a series of sequential steps involved. 
Thus, each of these steps can be considered, in the 
context of the invention, as being the direct or 
indirect function of the invention, or as being the 
direct or indirect function of a molecule or of a 
transcription factor of the invention. 

Consequently, a function or activity of the 
invention or a function or activity of a molecule of 
interest of the invention (transcription factor of the 
invention) signifies the capacity to allow the 
expression of MHC class II molecules, to allow the 
transcription of an MHC class II gene, to allow the 
expression or the translation of an MHC class II 
protein or peptide, to allow the formation of the RFX 
complex, to allow the binding of the RFX complex to the 
X box motif, to allow the interaction between the RFX 
complex and at least one of the transcription factors 
X2BP, NF-Y or CIITA, to allow a cooperative interaction 
that stabilizes the higher order RFX -X2BP -NF-Y complex, 
to direct contacts between RFX and the co- activator 
CIITA, to allow binding of RFX 5 to the X box, or to 
correct the MHC II expression defect of -cell lines from 
patients in complementation group B. 

In a preferred embodiment, a function or activity 
of the invention or the function or activity of the 
molecule of interest of the invention (transcription 
factor of the invention) is to allow the interaction 
between the RFX complex and CIITA, to allow a 
cooperative interaction that stabilizes the higher 
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order RFX-X2BP-NF-Y complex, to direct contacts between 
RFX and the co- activator CIITA or the recruitment of 
CIITA. 

The synthesis of the molecule of interest of the. 
invention (transcription factor of the invention) may 
be the transcription and/or translation of the nucleic 
acid molecule, of the invention into the protein or 
peptide of the invention encoded by said nucleic acid 
molecule. 

Due to the fact that the transcription factor of 
the invention does not . play any major role in the 
transcriptional control of other genes than MHC class 
II genes, inhibitors of said transcription factor of 
the invention are devoid of other undesirable 
inhibitory effects. 

Inhibitors of the invention have a very specific 
action limited to MHC class II genes because their 
target, ie transcription factor of the invention or 
recruitment of CIITA has specificity restricted to 
promoters of MHC class II genes. 

In fact, a transcription factor of the invention 
does not appear to be implicated in the control of 
other target promoters and genes . 

Recruitment of CIITA is essential for MHC- class 
II transcription because this recruitment governs all 
spatial, temporal and quantitative aspects of MHC-class 
II expression. Furthermore, CIITA is a MHC-class II- 
specific co-activator. 

Inhibitors of the invention are very efficient in 
their action on MHC class II genes expression because 
their target is essential for the control of MHC class 
II gene expression. 

Said inhibitors may be antibodies of the 
invention and especially single chain antibodies, 
derivatives of a protein or a peptide of the invention 
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and especially dominant negative mutants, proteins or 
peptides or small molecular weight molecules. 

Derivatives of a protein or a peptide of the 
invention are any molecules which comprise part of a 
protein or a peptide of the invention. 

' Said part of a protein or a peptide of the 
invention may comprise at least 6 amino acids, 
preferably at least 2 0 amino acids. 

Said part may preferably comprise or consist of 
all or part of the Ankyrin repeat -containing region. 
Ankyrin repeat -containing region of humans is shown at 
the bottom in figure 3 (identified as ankl , ank2, 
ank3) . 

Dominant negative mutants of a protein or a 
peptide of the invention may be generated with known 
techniques as PCR mutagenesis or N or C- terminal 
deletion, libraries. Dominant negative mutants may be 
generated as described in reference 51 . 

Antibodies of the invention are defined above. 

Thus, an important aspect of the invention 
relates to the identification of inhibitors of the 
invention. Inhibitors of the invention are above- 
mentioned. 

Thus, the invention includes a process for 
identifying inhibitors of the invention, especially 
inhibitors of a protein, a peptide or a nucleic acid 
molecule of the invention. 

Potential inhibitors tested may be of natural or 
synthetic origin and preferably of low molecular 
weight . 

The candidates tested may be proteins, peptides, 
amino acids, nucleic acids, antibodies or other 
molecules and may come from large collection of organic 
molecules which are readily available in the form of 
chemical libraries. Chemical libraries include 
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combinatorial libraries or « phage display » libraries 
of peptides or antibodies. 

Small molecules may be tested in large amounts 
using combinatorial chemistry libraries. 

In a first part of this aspect of the invention 
which relates to process for identifying inhibitors, 
the invention concerns process for • identifying 
inhibitors which have the capacity to inhibit a 
function or an activity of the invention, especially a 
function or an activity of a transcription factor of 
the invention. 

As indicated above, a function or activity of the 
invention, especially a function or activity of the 
molecule of interest of the invention (transcription 
factor of the invention) may be to allow the expression 
of MHC class II molecules, to allow the transcription 
of an MHC class II gene, to allow the expression or the 
translation of an MHC class II protein or peptide, to 
allow the formation of the RFX complex, to allow the 
binding of the RFX complex to the X box motif, to allow 
the interaction between the RFX complex and the 
transcription factor X2BP, NF-Y or CIITA to allow a 
cooperative interaction that stabilizes the higher 
order RFX-X2BP-NF-Y complex, to direct contacts between 
RFX and the co-activator CIITA, to allow binding of 
RFX 5 to the X box, or to correct the MHC II expression 
defect of cell lines from patients in complementation 
group B. 

In a preferred embodiment, a function or activity 
of the invention is to allow the interaction between 
the RFX complex and the transcription CIITA, to allow a 
cooperative interaction that stabilizes the higher 
order RFX-X2BP-NF-Y complex, to direct contacts between 
RFX and the co-activator CIITA or recruitment of CIITA. 
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Inhibitors of the invention may be identified or 
are identifiable by any one of processes of the 
invention which are disclosed in this application. 

Inhibitors of the invention may be identified or 
are identifiable by the following processes which are 
part of the invention. 

The invention relates to a process for 
identifying inhibitors which have the capacity to 
inhibit a function or an activity of the invention, 
especially a function or an activity of a transcription 
factor of the invention. The precise process steps may 
be chosen in view of the function or activity of the 
invention, especially the function or activity of a 
transcription factor of the invention which is 
qualitatively or quantitatively detected. 

In a first embodiment, the detected function is 
the expression of MHC class II molecules. Then the 
invention relates to a process for identifying 
inhibitors which have the capacity to inhibit the 
expression of MHC class II molecules at the surface of 
cells or inside the cells. 

If the expression of MHC class II is measured at 
the surface of cells, the detected function is the 
translation or expression of MHC II proteins or 
peptides. 

Candidate inhibitors may then be tested for their 
capacity to inhibit said function in simple robust cell 
based assays of the expression of MHC class II 
molecules at the surface of cells. Such assays, based 
on detection with available monoclonal antibodies, are 
readily available. They involve both the detection of 
inhibition of constitutive expression of MHC class II 
on B lymphocyte cell lines and/or the detection of 
inhibition of induction of MHC class II expression by 
interferon gamma on any one of many inducible cell 
lines, such as Hela cells. These cell-based secondary 
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screening assays can be performed on a large scale and 
can thus accomodate very large collections of candidate 
compounds . 

If the expression of MHC class II is measured at 
the mRNA level, the detected function is the 
transcription of MHC class II gene. 

In this case, candidate inhibitors may be tested 
for their capacity to inhibit said function by 
quantification of MHC II mRNA levels, especially by 
Rnase protection analysis. 

Different MHC II isotypes may be searched in said 
quantification procedure. 

In a second embodiment, the detected function is 
the formation of RFX complex. Then the invention 
relates to a process for identifying inhibitors which 
have the capacity to inhibit the formation of the RFX 
complex or the assembly of its three subunits (RFX5 , 

RFXAP, RFXANK) . 

The three subunits may be mixed with the 
potential inhibitor in conditions which allow the 
formation of the RFX complex in the absence of any 
efficient inhibitors. 

Then, the presence or absence of the RFX complex 
can be detected. Detection of the presence or absence 
of the RFX complex may be done with antibodies specific 
for the complete RFX complex or for the RFX complex as 
constituted by the 3 subunits assembled. The function 
of the second embodiment may be searched or measured 
with indirect methods as the ones used to search or 
measure the function in the first embodiment. 

In a third embodiment, the detected function is 
the binding of the RFX complex to its DNA target 
(especially the X box motif of MHC II promoter) . Then 
the invention relates to a process for identifying 
inhibitors which have the capacity to inhibit the 
binding of the RFX complex to its DNA target. 
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Said process may be a straightforward assay to 
measure the binding of the RFX complex (composed of 
RFX-ANK, RFX 5 and RFXAP) to its DNA target. It may be 
done for example by gel retardation assays. 

Said process may be performed on a large scale 
and will detect compounds capable of inhibiting the 
binding of RFX to DNA. Such an assay can be set up on a 
very large scale, for the screening of a large quantity 
of candidate molecules . 

An embodiment of this process may comprise the 
following steps : 

- the DNA fragment corresponding to the X box of 
the MHC II promoters is mixed with a nuclear extract of 
a cell and with the substance to be tested ; 

- the mixture is put on a gel for running ; 

- if the substance does not inhibit the formation 
of the RFX complex, then the RFX complex binds to the 
DNA and the DNA-protein association migrates slower 
than the non-DNA bound RFX complex. 

In a fourth embodiment, the detected function is 
interaction between the RFX complex and at least one of 
the transcription factor X2BP, NF-Y and CIITA. 

The invention relates to a process for 
identifying an inhibitor which has the capacity to 
inhibit interaction between the RFX complex and at 
least one of the transcription factors X2BP, NF-Y and 
CIITA. 

Said process may comprise the mixing of the 
candidate inhibitor with the RFX complex and at least 
one of the transcription factors X2BP, NF-Y and CIITA. 

Then, the presence or absence of the interaction 
could be measured and therefore the inhibitors 
identified . 

In a fifth embodiment, the detected function 
is interaction between the RFX complex and CIITA. 
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The invention relates to a process tor 
identifying an inhibitor which has the capacity to 
inhibit interaction between the RFX complex and CIITA. 

Said process may comprise the mixing of the 
candidate inhibitor with the RFX complex and the 
transcription factors X2BP, NF-Y and CIITA. 

Then, the presence or absence of the interaction 
could be measured and therefore an inhibitor 
identified. 

In a sixth embodiment, the detected function is a 
cooperative interaction that stabilizes the higher 
order RFX-X2BP-NF-Y complex. 

The invention relates to a process for 
identifying an inhibitor which has the capacity to 
inhibit interaction that stabilizes the higher order 
RFX-X2BP-NF-Y. 

The stabilization of the higher order RFX-X2BP- 
NF-Y complex may be done by CIITA. 

Said process may comprise the mixing of the 
candidate inhibitor with the transcription factors RFX, 
X2BP, NF-Y and CIITA. 

Then, the presence or absence of the interaction 
could be measured and therefore an inhibitor 
identified. 

In a seventh embodiment, the detected function is 
recruitment of CIITA or the binding or fixation of 
CIITA to the MHC-class II enhanceosome . 

The invention relates to a process for 
identifying an inhibitor which has the capacity to 
inhibit recruitment of CIITA or to inhibit the binding 
or . fixation of CIITA to the MHC-class II enhanceosome. 
The MHC-class II enhanceosome may be defined as the 
complex between a fragment of DNA comprising the W-X- 
X2-Y region of MHC class II promoters and the DNA 
binding multiprotein complex which binds specifically 
to this region. The DNA binding • multiprotein complex 
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which binds specifically to the W-X-X2-Y region of MHC 
class II promoters comprises the transcription factors 
called RFX, X2BP, NF-Y and a fourth one which has not 
yet been cloned. The transcription factor RFX is a 
multi-subunit transcription factor which comprises the 
RFX-ANK, RFX-AP and RFX5 submits. 

In an eighth embodiment, the invention relates to 
a process for identifying dominant negative mutants of 
CIITA inhibitor which have the capacity to inhibit 
recruitment of CIITA or to inhibit the binding or 
fixation of wild-type CIITA to the MHC-class II 
enhanceosome . 

A process according to any one of the fifth, 
sixth, seventh and eigth embodiments may comprise the 
following steps : 

- a DNA fragment comprising the W-X-X2-Y box 
region of the MHC II promoters is mixed with a nuclear 
extract of a cell and with the substance to be tested ; 

- the mixture is put on a gel for running ; 

If the substance does not inhibit the interaction 
between the RFX complex and CIITA, then CIITA binds to 
the RFX complex which binds to the DNA and the DNA- 
protein association migrates slower than the non-DNA 
bound CIITA-RFX complex. 

If the substance does not inhibit the 
stabilization of the RFX -X2BP -NF-Y complex by CIITA 
RFX-X2BP-NF-Y, then CIITA binds to the RFX -X2BP -NF-Y 
complex which binds to the DNA and the DNA-protein 
association migrates slower than the non-DNA bound 
CIITA-RFX complex. 

If the substance does not inhibit the recruitment 
of CIITA, then CIITA binds to the MHC-class II 
enhanceosome which migrates slower than the non-DNA 
bound proteins . 
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In a process according to the eigth embodiment, 
the substance to be tested is a dominant negative 
mut ant . 

A process according to any one of the fifth, 
sixth, seventh and eigth embodiments may comprise the 
following steps : 

i) a DNA fragment consisting or comprising the W-X- 
X2-Y box region of the MHC II promoters is 
contacted with a mixture of cellular proteins 
comprising proteins binding to the W-X-X2-Y box 
region and CIITA, and with the substance to be 
tested ; 

ii) the thus formed DNA-protein complex is separated 
from the reaction mixture; 

iii) the presence or absence of CIITA in the proteins 
obtained after step iii) is detected, absence of 
CIITA indicating that the substance under test has 
a capacity to inhibit CIITA recruitment. 

The invention relates to a process for 
identifying an inhibitor which has the capacity to 
inhibit recruitment of CIITA or to inhibit the binding 
or fixation of CIITA to the MHC-class II enhanceosome 
which comprises the following steps : 

i) a DNA fragment comprising the W-X-X2-Y box region 
of the MHC II promoters is mixed with a nuclear 
extract of a cell and with the substance to be 
tested ; 

ii) the DNA-proteins complex is purified ; 

iii) proteins binding DNA are separated from the DNA ; 

iv) the presence of CIITA in the proteins obtained 
after step iii) is detected. 

A process for identifying an inhibitor which has 
the capacity to inhibit recruitment of CIITA or to 
inhibit the binding or fixation of CIITA to the MHC- 
class II enhanceosome recited above may be used in a 



30 



primary screening or in a secondary (confirmatory 
screening) . 

If this process is used in a primary screening, 
it will preferably be automated. 

in the above process, the DNA-protein complex is 
preferably separated by fixation to a solid support 
able to purify said DNA-protein complex. 

In the above process, a solid support- is 
preferably comprise magnetic beads or a microtitration 
plate . 

In the above process, a DNA fragment consisting 
or comprising the W-X-X2-Y box region of the MHC II 
promoters is preferably biotinylated. 

In the above process, one or several wash(es) are 
preferably done between step (ii) and step (iii) . 

In the above process, proteins binding DNA are 
preferably separated from the DNA between step (ii) and 
step (iii) • 

In the above process, the presence of CIITA in 
the proteins obtained after step iii) is preferably 
detected by antibodies specific of CIITA. 

In the above process, CIITA is preferably chosen 
among : a recombinant or recombinant ly produced, a 
mutant CIITA, a mutant CIITA which has greater affinity 
for the MHC-class II enhanceosome than a wild- type 
CIITA, a truncated version of a wild-type CIITA. 

In the above process, CIITA is preferably tagged, 
especially with a Fluorescent Protein or an epitope. 

In the above process, the substances to be tested 
may be CIITA dominant negative mutants. 

In the above process, the mixture of cellular 
proteins and CIITA preferably comprises a nuclear 
extract of CIITA+ cells 

The above process may preferably further comprise 
a step of separating the proteins bound to the DNA from 
the DNA and optionally detecting the presence or 
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absence of any of the proteins capable of binding to 
th- W-X-X2-Y region of the MHC-class II promoters, the 
absence of any of these proteins indicating that the 
substance under test is capable of inhibiting the 
binding of said protein to DNA. 

In the above-mentioned process, proteins binding 
DNA are advantageously separated from the DNA by 
elution. 

in the above-mentioned process, the presence of 
CIITA in the proteins obtained after step iii) is 
advantageously detected by antibodies. These antibodies 
are preferably specific of CIITA but may be specific of 
RFX or NF-Y. Preferably, the presence of CIITA in the 
proteins obtained after step iii) is detected by 

Western-Blot . 

In the two above-mentioned processes, a nuclear 

extract of a cell may come from an MHC-class 11+ cell 
or from an MHC-class II- cell. If a nuclear extract of 
a cell comes from an MHC-class II- cell, a recombinant 
or recombinantly produced CIITA is added to the nuclear 
extract. This recombinant or recombinantly produced 
CIITA may be a mutant CIITA. A mutant CIITA may be 
chosen in order to have greater affinity for the MHC- 
class II enhanceosome than a wild- type CIITA. A 
recombinant or recombinantly produced CIITA may 
preferably be detected directly. Thus, a recombinant or 
recombinantly produced CIITA may be fused to a molecule 
which can be directly. detected. A molecule which can be 
directly detected may be a Green Fluorescent Protein. A 
recombinant or recombinantly produced CIITA may be 
fused to an epitope which can be directly detected by 
antibodies specific to this epitope. 

In a process according to the eigth embodiment, 
the substance to be tested may be a dominant negative 
mutant . 
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In an ninth embodiment, the detected function is 
the correction of the MHC II expression defect of cell 
lines from complementation group. B. 

Thus, the invention relates to a process for 
identifying inhibitors which have the capacity to 
inhibit the correction by a transcription factor of the 
invention, of MHC class II expression defect of cell 
lines from complementation group B. 

Such a process may comprise the following steps : 
cotransf ection of cells of patients from 
complementation group B with the potential inhibitor 
and a transcription factor of the invention, especially 
RFXANK cDNA. 

analysis of expression of HLA class II 
molecules . 

Analysis of expression of HLA class II molecules 
may be done at the surface of transfectant cells 
(detection of peptide or protein expression) or inside 
the transfectant cells (detection of mRNA expression) . 

In a second part of this important aspect of the 
invention, the invention concerns inhibitors which have 
the capacity to inhibit the synthesis of a 
transcription factor of the invention. 

The synthesis of the molecule of interest of the 
invention (transcription factor of the invention) may 
be the translation of the nucleic acid molecule of the 
invention into the protein or peptide of the invention 
encoded by said nucleic acid molecule. 

Said inhibitors may inhibit any product which 
contributes to the synthesis of a transcription factor 
of the invention. 

A product which contributes to the synthesis of a 
transcription factor of the invention may be a nucleic 
acid molecule of the invention either a DNA or a RNA 
molecule or a regulatory sequence of said nucleic acid 
molecule . 
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Said\ product may particularly be a DNA molecule 
2ing f or^.FXANK as it is shown in figure 2, any DNA 
^quence witk at least 80 % identity, preferably 90 % 
identity with\aid DNA molecule or any part of said DNA 
molecule or saiV DNA sequence. 

Said product may be a RNA molecule corresponding 
to the DNA molecule coding for RFXANK as it is shown in 
figure 2, any RNA molecule with a nucleotidic sequence 
having at least 80 % identity, preferably 90 % identity 
with said RNA molecule or any part of said RNA 
molecules. 

Said inhibitors may be a ribozyme, a DNA or a RNA 
antisense. - 

Said inhibitors may be a ribozyme, a DNA or a RNA 
antisense of the invention as recited above. 

Complementary nucleotide sequence of the nucleic 
acid molecule of the invention, also referred to as 
« antisense » RNA or DNA are known to be capable of 
inhibiting the synthesis of the protein encoded by the 
revelant nucleic acid molecule of the invention. 

The person skilled in the art and provided with 
the nucleic acid molecule sequences of the invention 
mentioned above will be in a position to produce and 
utilize the corresponding « antisense » RNA and DNA and 
to use them for the inhibition of synthesis of the 
transcription factor of the invention. 

Inhibition of the synthesis of a transcription 
factor of the invention will result in the inhibition 
of the expression of MHC class II genes. Indeed, it is 
kwown from the study of mutant cells that a deficiency 
in protein or peptide of the invention is accompanied 
by a lack of expression of MHC class II genes. 

The use of « antisense » RNA and DNA molecules, 
as described above, as inhibitors of MHC class II gene 
expression will be important in medical conditions 
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where a reduction of MHC class II molecules is 
desirable, as in the case of autoimmune diseases. 

The invention also relates to fragments of said 
nucleotide sequences, preferably "to fragments of their 
coding regions, including fragments of complementary, or 
« antisense » RNA and DNA. The person skilled in the 
art and provided with the sequences described above is 
in a position to produce the corresponding short 
« antisense » aligonucleotides and to use them to 
achieve inhibition of a transcription factor of the 
invention synthesis and therefore inhibition of MHC 
class II gene expression. 

Said inhibitors may be produced by reference to 
the nucleic acid molecule of the invention and may be 
identified or are identifiable by a screening procedure 
for selecting candidate inhibitors capable of 
inhibiting the expression of MHC II molecules. 

The screening procedure may be a test in simple 
robust cell based assays of the expression of MHC class 
II molecules at the surface of cells. Such assays, 
based on detection with available monoclonal 
antibodies, are readily available. They will involve 
both a search for inhibition of constitutive expression 
of MHC class II on B lymphocyte cell lines and/ or a 
search for inhibition of induction of MHC class II 
expression by interferon gamma on any one of many 
inducible cell line, such as Hela cells. These cell- 
based secondary screening assays can be performed on a 
large scale and can thus accomodate very large 
collections of candidate compounds. 

The screening procedure for selecting substances 
capable of inhibiting the expression of MHC II 
molecules may be based on the detection of the capacity 
to inhibit the binding of the RFX complex to its DNA 
target . 
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Said process may be a straightforward assay to 
measure the . binding of the RFX complex (composed of 
RFX-ANK, RFX 5 and RFXAP) to its DNA target, by gel 
retardation assays for example. 

Said assay may be performed on a large scale and 
will detect compounds capable of inhibiting the binding 
of RFX to DNA. Such an assay can be set up on a very 
large scale, . for the primary screening of a large 
quantity of candidate molecules. 

This assay can be summarized in the following 

steps : 

- the DNA fragment corresponding to the X box of 
the MHC II promoters is mixed with a nuclear extract of 
a cell and with. the substance to be tested ; 

- the mixture is put on a gel for running ; 

- if the substance does not inhibit the formation 
of the RFX complex, then the RFX complex binds to the 
DNA and the DNA-protein association migrates slower 
than the non-DNA bound RFX complex. 

The nine embodiments of a process for identifying 
inhibitors which have the capacity to inhibit a 
function or an activity of the invention or which have 
the capacity to inhibit a function or an activity of a 
transcription factor of the invention may be used to 
identify inhibitors which have the capacity to inhibit 
the synthesis of a transcription factor of the 
invention. 

Another process for identifying inhibitors of the 
invention is the designing of inhibitors on the basis 
of the three dimensional structure of the protein or 
peptide of the invention, an information that can be 
obtained from recombinant protein or peptide of the 
invention using state of the art technology for example 
X-Ray structure analysis, spectroscopic methods, etc... 
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The invention relates to inhibitors which may be 
identified or are identifiable by any one of a process 
for identifying inhibitors of the invention. 

The process for identifying inhibitors of the 
invention may in addition to the functional assays 
described above, also include a. preliminary or primary 
screening for testing a large number of candidates. 

Said primary screening may be another well 
established procedure used on a large scale which 
consists in, screening for the binding of molecules to a 
peptide or a protein of the invention (or RFX5 or 
RFXAP) . 

The peptide or protein of the invention will 
preferably be produced by recombinant techniques in 
order to obtain recombinant peptide or protein of the 
invention . 

Such binding assays are performed on very large 
scales and on a routine basis by companies such as 
Scriptgen (Waltham, Mass) or Novalon {Durham, NO . 
Assays to detect such binding involve either ligand- 
induced change in protein conformation (Scriptgen) or 
ligand- induced displacement of molecules first 
identified as binding to the protein or peptide of the 
invention (Novalon) . 

In a preferred process for identifying 
inhibitors, a protein or a peptide of the invention may 
be used for the identification of low molecular weight 
inhibitor molecules as drug candidates. 

Inhibitors of a protein or a peptide of the 
invention and of the expression of MHC class II genes, 
as potential drug candidates are preferably identified 
by a two step process : 

In the first step, compatible with large scale, 
high throughput, screening of collections 
(« libraries ») of small molecular weight molecules, a 
protein or a peptide of the invention is used in a 
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screening assay for molecules capable of simply binding 
to the protein or the peptide of the invention 
(= « ligands ») . Such high throughput screening assays 
are routinely performed by companies such as Novalon 
Inc. SUNESIS (Redwood California) or Scriptgen Inc., 
and are based either on competition for binding of 
peptides to the target protein or on changes in protein 
conformation induced by binding of a ligand to the 
target protein. Such primary high throughput screening 
for high affinity ligands capable of binding to a 
target recombinant protein are available commercially 
(under contract) from such companies as Novalon, 
Scriptgen or SUNESIS (Redwood California) . 

In the second step, any low molecular weight 
molecule identified as described above as capable of 
binding to a protein or a peptide of the invention, is 
tested in the functional RFX complex assay or in the 
functional MHC II expression at the surface of cells 
assay. 

All candidate molecules are thus tested, at 
different concentrations, for a quantitative assessment 
of their ant i -protein or anti -peptide of the invention 
inhibitory efficacy. 

Substances exhibiting anti-protein or anti- 
peptide or anti -nucleic acid molecule of the invention 
inhibitory effects are then tested for obvious toxicity 
and pharmacokinetics assays, in order to determine if 
they represent valuable drug candidates. 

Once a substance or a composition of substances 
has been identified which is capable of inhibiting a 
function or an activity of the invention or which is 
capable of inhibiting a protein, a peptide or a nucleic 
acid molecule of the invention, its mode of action may 
be identified particularly its capacity to block 
transcription or translation of a protein or a peptide 
of the invention. 
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This capacity can be tested by carrying out a 
process comprising the following steps : 

i) contacting the substance under test with 
cells expressing the protein or the peptide 
of the invention, as previously defined, and 

ii) detecting loss of a protein or a peptide of 
the invention expression using a protein or 
a peptide of the invention or anti-protein 
or anti -peptide of the invention markers 
such as specific, labelled anti-protein or 
anti-peptide of the invention. 

The antibodies used in such a detection process 
are of the type described earlier. 

The knowledge of the recruitment of CIITA recited 
in this application allows to define the protein- 
protein contacts that contribute to CIITA recruitment 
and therefore to lead to the development of novel 
inhibitors that function by interfering with these 
protein-protein interactions. 

The invention also relates to a kit for screening 
substances capable of inhibiting a function or activity 
of the invention or capable of blocking a protein or a 
peptide of the invention activity, or of blocking 
transcription or translation of a protein or a peptide 
of the invention. 

The invention also relates to a kit for screening 
substances capable of inhibiting recruitment of CIITA, 
said kit comprising a DNA fragment comprising the W-X- 
X2-Y region of the MHC-class II promoters and means to 
detect the presence of CIITA in a sample. Means to 
detect the presence of CIITA in a sample may be a 
recombinant CIITA comprising a tagging molecule. A 
tagging molecule may be an epitope or a fluorescent 
protein. 

Inhibitors of the invention and especially 
inhibitors identifiable according to any one of the 
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process for identifying inhibitors recited above, and 
compatible with cell viability, may be identified 
chemically and on the basis of- their structure. New 
collections of related molecules may be generated 
(« analogue library ») and tested again with any one of 
the process for identifying inhibitors as described 
above. Candidate molecules capable of inhibiting any 
function of a transcription factor of the invention at- 
the smallest molar concentration may be selected and 
considered as candidate immunosuppressive agents. They 
may first be tested for their effect on cells of 
various animal species in culture and then for in vivo 
studies in appropriate animal models. Such studies may 
test an effect on MHC class II expression, on 
activation of T lymphocytes in various well established 
experimental protocols, as well as various experimental 
models of organ transplantation. 

An example of inhibitors of the invention may be 
natural mutants of RFX-ANK as present in MHC II 
deficiency patients of complementation group B. 

Said mutants may be mutants with the DNA or amino 
acid sequence as shown in figure 5 or recited in the 
legend of figure 5 or derivates thereof. Such mutants 
may be splice variants . 

Said mutants may be used in a DNA or RNA form. 
Furthermore, said DNA or RNA form could be present in a 
vector and especially under the control of a strong 
promoter, like the CMV promoter, in order to 
overexpress the mutants and to overcome their recessive 
nature . 

The inhibitors of the invention are used in 
prophylactic and therapeutic treatment of diseases 
associated with aberrant or abnormal expression of MHC 

class II genes. 

The inhibitors of the invention are useful as 
immunosuppressive agents, T-cell inactivation agent, 
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anti-inflammatory agent, immunomodulators, reducing or 
deregulating agent of the level of a MHC II 
expression in a reversible or irreversible manner. 

The inhibitors of the invention are useful as a 
pretreatment of the recipient before transplantation 
especially in bone-marrow transplantation to avoid or 
reduce the risk of rejection of the .transplanted 
organs. The inhibitors of the invention may be 
administrated after transplantation as long as 
necessary to avoid the risk of rejection. 

The invention concerns methods for treating or 
preventing autoimmune disease, by administering 
effective amounts of substances capable of 
downregulating the expression of HLA class II genes. 
Among others, these include autoimmune diseases where 
an aberrant and excessive expression of HLA class II 
molecule, at the surface of certain cells is thought to 
be responsible for the autoimmune pathological 
processes. These include Insulin Dependant Diabetes 
(IDD) , Multiple Sclerosis (MS) , Lupus Erythematosis 
(LE) and Rheumatoid Arthritis (RA) . 

The invention also relates to pharmaceutical 
compositions comprising an inhibitor of the invention 
in association with physiological acceptable carriers, 
and to methods for the preparation of medicaments for 
use in therapy or prevention of diseases associated 
with aberrant expression of MHC class II genes using 
these substances . 

The proteic or peptidic inhibitors of the 
invention can be prepared in a DNA or in a RNA form 
alone or with one of the known DNA or RNA formulation 
(liposomes, antibodies, viral vectors, ...). 

A further object of the present invention is to 
use a protein or a peptide or a nucleic acid molecule 
of the invention or a dominant negative mutant 
identified or identifiable by a process of the 
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invention to generate MHC class II negative transgenic 
animals or transgenic animals with reduced level of 
expression of MHC class II. 

A preferred animal which can be generated as an 
MHC class II negative transgenic animal or as a 
transgenic animal with reduced level of expression of 

MHC class II is pig. 

The generation of transgenic animals of the 
invention may involve the introduction of anyone of the 
inhibitors of the invention or anyone of a dominant 
negative mutant identified or identifiable by a process 
of the invention as a transgene . 

An alternative approach consists in disrupting or 
replacing the RFX-ANK gene of the transgenic animal by 
any available technique so that this essential 
transcription form of the MHC class II promoter is not 
transcribed. 

The RFX-ANK gene of the transgenic animal of 
interest can be identified by simple comparison with 
the human RFX-ANK gene. The mouse RFX-ANK gene shown in- 
figure 3 has been identified by such comparison (see 
example 2) . 

Such an approach can be done by homologous 
recombination. The « knockout » technique may 
particularly be used. 

The animal of the invention may then be used as a 
source of organs for xenogenic transplantation or as a 
source of cells for universal cell transplants. 

The findings reported here have two other 
medically relevant implications. All patients with MHC- 
II deficiency can now be readily classified into their 
respective genetic complementation groups by a direct 
assay involving correction with each of the four 
regulatory genes. An assay based on the delivery of the 
four MHC-II regulatory genes to PBLs via an efficient 
retroviral vector system may be used. This assay should 
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allow a rapid and specific genetic diagnosis that 
avoids the need to establish stable cell lines and to 
perform tedious complementation assays by cell fusion. 
The second implication is that the large majority of 
MHC-II deficiency patients can now be considered as 
candidates for gene therapy, as a possible alternative 
to bone marrow transplantation that has poor success 
rate in this disease 38 . Since the three protein 
subunits of the RFX complex are expressed 
const itutively in all cell types, these three genes 
represent a favorable situation for genetic correction. 
Gene therapy is particularly relevant in the case of 
the RFXANK, which is affected in the large majority of 
patients with MHC-II deficiency. Transfer of the 
revelant wild-type genes into either multipotent 
processor cells or PBLS of MHC II expression deficiency 
patients may be operated. 

Another object of the invention is a one- step 
high purification process by DNA affinity of 
substances comprising the following steps : 

- identifying a DNA with more than one binding 
site ; 

- adding to this DNA an extract containing the 
substance to be purified ; 

- washing extensively (by increasing salts, or 
period of times, or by adding competitor DNA 
for example) ; 

- isolating the complex by its DNA target; 

- releasing the substance from its complex. 

In an example, this process has allowed to obtain 
in a single step a yield greater than 80 % and an 
enrichment with respect to the acid nuclear extract of 
at least 3000 fold for the substance to be purified. 

This new purification process is considerably 
better than known affinity purification procedure based 
on the binding of the desired substance to its DNA 
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target. This purification procedure is better in terms 
of yield, enrichment, purity and simplicity . 

The purification process of the invention- applies 
to all molecules that are involved in stabilizing a DNA 
binding multimolecule complex and especially that are 
involved in stabilizing protein-protein interaction. 

Thus an efficient single step DNA affinity 
purification procedure that exploits the remarkable 
stability of a large multi-protein complex formed by 
RFX X2BP, and NF-Y, which bind cooperatively to a 
longer segment of MHC-II promoters (the X-X2-Y box 
region) 18 ' 19 ' 23 (see Fig. 6) has been established. The 
very high stability of this large complex represents an 
obvious advantage in terms of the yield and enrichment 
obtained in the purification procedure. Another ma D or 
advantage is that it allows the selection of those 
factors that are part of a physiologically relevant 
multi-protein-DNA complex, at the expense of numerous 
other proteins capable of binding individually to the 
isolated X, X2, and Y motifs. Thus, in addition to RFX 
purification, it allows the co-purification of the 
biologically relevant X2 and Y box-binding factors. 

A further object of the invention is a process of 
isolation of an unknown molecule which is involved in 
stabilizing a DNA binding multimolecule complex and 
especially that are involved in stabilizing protein- 
protein interaction. 

Thus, here we report the isolation of a novel 
subunit of the RFX complex by an efficient single-step 
DNA-affinity purification approach. This procedure 
takes advantage of a strong co-operative protein- 
protein interaction that results in the highly stable 
binding of three distinct mult i -protein transcription 
factors - RFX, X2BP (ref .16) and NF-Y (ref.17) - to the 
X-X2-Y region of MHC-II promoters 10 ' 18 ' 19 . The higher 
order RFX -X2BP -NF-Y complex formed on DNA contains the 
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physiologically relevant proteins involved in the 
activation of MHC-II promoters. With the use of this 
new affinity purification procedure, the novel 
component of the RFX complex called RFXANK was 
identified and the corresponding gene was isolated. 

By analogy all that has been described for RFXANK 
is described for RFXAP provided that the amino acid or 
nucleotide sequence of RFXAP (reference 10) is 
substituted for the amino acid or nucleotide sequence 
of RFXANK and provided that complementation group D is 
substituted to complementation group B. 

Thus, for example, the protein or peptide of the 
invention in the case of RFXAP is capable of restoring 
the MHC II expression in cells from MHC II deficiency 
patients in complementation group D and comprises all 
or part of the amino acid sequence shown for RFXAP in 

reference number 10 . 

This reasoning by analogy applies also to RFX5 
(complementation group C) whose amino acid sequence and 
nucleotide sequence can be found in reference 9. 

Generally, said reasoning by analogy applies to 
each subunit of the RFX complex. 

Figure legends 



•Figure 1 : 

Purification of MHC-II promoter -binding proteins 
and identification of a novel 33 kDa subunit of the RFX 
complex. Affinity purified DRA promoter binding 
proteins (lane 1) were immunoprecipitated with pre- 
immune serum (lane 2) or anti-RFXAP antibody (lane 3) . 
Proteins were fractionated by electrophoresis in 10% 
SDS-polyacrylamide gels and visualised by silver- 
staining. The identity of the three RFX subunits 
(boxed: RFX 5 , RFXAP, and the new p3 3 subunit) and of 
other proteins (NF-Y, PARP) was determined as described 
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in the text. Bands derived from the antiserum (as) are 
indicated. 

^ T Trg 2 ; ^ T ^f 6 analyses of RFXANK. 

Nucleotide and amino acid sequences of RFXANK. 
The first nucleotides of the lOexons that are spliced 
together into the RFXANK cDNA are indicated by arrows. 
The exon limits were established by comparing the cDNA 
sequence with the genomic sequence containing the 
entire RFXANK gene. The 'cag' trinucleotide resulting 
from alternative splicing of exon 4 is in lowercase and 
boldtype. The in-frame TGA stop codon preceding the 
RFXANK open reading frame is underlined. Tryptic 
peptides identified by micro sequencing are underlined. 

imire^ t Seau ^ces comparisons 

A m\no acid sequence alignment between RFXANK and 
homologouL proteins containing ankyrin repeats. The 
human RFXANK sequence is shown at the top (Hs RFXANK) . 
Identical amYno acids in mouse RFXANK (Mm RFXANK) and 
the other proteins are shown as dashes. Gaps are 
represented by\ points . 'Hs homol • and 'Mm homol • 
correspond to £fae predicted translation products of 
cDNAs encoding aNhighly homologous protein present in 
humans and mice, Respectively . The ankyrin repeat - 
containing region of\mouse GABPb (ref. 28) is shown at 
the bottom. The secondary structure prediction of the 
ankyrin repeats (ank l\3) was inferred from the known 
structure of GABPb (ref/\35). H, helix; T, turn 

Figure 4 : 



RFXANK restores MHC-II expression in cells from 
patients from complementation group B. 

(a) Cell lines from complementation groups A 
(RJ2.2.5), B (BLS1) , C (SJO) , and D (DA) were 
transfected with the empty pEBO-76PL expression vector 



46 

(left) or with pEBO - RFXANK (right) . Transfected cells 
were stained for HLA-DR expression and analyzed by 
FACScan . 

(b) pEBO - RFXANK restores expression of all three 
MHC-II isotypes in BLS1 cells. BLS1 cells transfected 
with"' pEBO-76PL (upper panels) or with pEBO - RFXANK 
(middle panels) were analyzed by FACScan for expression 
of HLA-DR, -DP, and -DQ. Control Ra j i cells were 
analyzed in parallel (bottom panels) . 



Fiaru re 5 : 

Mutations within the RFXANK gene in three 
patients in MHC-II deficiency group B. 

(a) cDNA clones isolated from cells of patients 
BLS1, Ab, and Na lack exons 5 and 6. A schematic map 
of the RFXANK gene is shown at the top: non- coding 
exons, open bars; coding exons, filled bars. The RFXANK 
mRNAs isolated by RT-PCR from normal cells (wt) and 
from patient cells (BLS1, Ab, Na) are represented below 
the RFXANK gene; untranslated regions (lines) , protein- 
coding regions (boxes) , and the position of exons 4 to 
7 are indicated. As a consequence of the aberrant 
splicing in patient cells, exons 4 and 7 of the RFXANK 
mRNA are joined together. This leads to a translational 
frame shift (amino acids in lower case) followed by a 
premature termination at a TGA stop codon at nucleotide 
955 . 

(b) Short deletions affecting exon 6 of the 
RFXANK gene are responsible for the aberrant splicing 
pattern. The entire region spanning exons 4 to 7 of 
the RFXANK gene from patients BLS1, Na and Ab was 
amplified by PCR and sequenced. The sequences of splice 
junctions flanking exon 6 are shown: intron sequences 
are in lowercase and exon sequences are in uppercase. 
The 2 6 bp deletion found in patients Ab and Na (top) , 
and the 58 bp deletion found in patient BLS1 (bottom) 
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are boxed. The genomic region spanning exon 6 was 
^Hfied by PCR from the patients and the.r parents 
i "ngs y The PCR products obtained are clo- 
the corresponding pedigrees. Abbrevrated names ^of 
individuals are indicated,- squares, males -roles, 
females; filled symbols - patients ^ ^f^^ 
H deficiency. Patients axe homozygous for the mutated 
alleles (-/-), ***** ^ heterozygous <♦/->. and 
healthy siblings are either heterozygous <♦/->. or 
homozygous for the wild type allele <♦/♦> . For patent 
Ha, the family was not available and the B cell l.ne 
Raji (Ra) was used as homozygous wild type control. 

Pioure 6 : 

A functional RFX complex can be reconstituted 
with in vitro translated subunits. 

(a) All three subunits are required for binding 
of the RFX complex to DNA. RFX5 , RFXAP, and RFXANK 
were translated in vitro alone or in all possible 
combinations in the presence of [35S]-Met. Translation 
products were analysed by SDS-PAGE and by EMSA for 
their ability to bind to a X box [32P] -labeled probe. 
For the EMSA experiments, a crude B cell nuclear 
extract (HE) was used as a positive control. 

(b) The RFX complex reconstituted m vitro 
contains all three subunits. RFX5 and RFXAP were co- 
translated in vitro together with RFXANK (upper panel) 
or a tagged version (FLAG-RFXANK) containing the FLAG 
epitope at its N-terminus (lower panel). The 
translation reactions were used for EMSA. Where 
indicated, binding reactions were supplemented with 
pre-immune serum or antibodies specific for RFX5 , RFXAP 
or the FLAG epitope. 



Figure 7 
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Elucidation of the molecular defects in MHC-II 
deficiency has led to the identification of four 
essential and specific transactors of MHC-II genes 
A prototypical MHC-II promoter is depicted with 
conserved X, X2 and Y motifs. Each of the four 
transactivators affected in. MHC-II deficiency x. 
highlighted. The respective complementation groups, the 
number of patients reported, and the chromosomal 
location of each of the corresponding gene are 
indicated. CIITA is a highly regulated non-DNA bxnding 
co-activator that is responsible for cell-type 
specificity and inducibility of MHC-II expression. 
RFX5, RFXAP and RFXANK are the three subunits of the X 
box-binding RFX complex. All four genes affected in the 
disease are essential and specific for MHC-II gene 
expression. The other promoter -binding complexes, X2BP 
and NF-Y, are not specific for MHC-II expression and 
are not affected in MHC-II deficiency. 



Figure a '- The promoter. 

The -150 to -3 0 promoter fragment used here, and 
the W, X, X2, Y and octamer (O) sequences are 
indicated.' Factors {RFX, X2BP, NF-Y, OCT, OBF-1) 
binding to these sequences are shown. The W-binding 
factor remains undefined. 



Figure 9 : Binding of CITTA to the MHC-TT e nhanceosome . 

RJ6.4 extract was incubated with the DRA promoter 
fragment shown in Figure 1. Protein complexes assembled 
on the promoter fragment (+) or in the presence of non- 
specific DNA (-) were immunoprecipitated with 



49 



. . TTT » t he RFXAP subunit of RFX, or 

antibodies against CIITA, tne .„ Hr , te . were 

pre-immune serum (P.I-). Immunoprecipitate s jer 
analyzed by immunoblotting with antibodies against 
analyzea bfx and the B subunit of 

CIITA, the RFX5 subunit of RFX, ana 



NF-Y. 



• . „«. rt f CIITA T-eauirw H multiple 

iri / |iiT*ft 1 0 ■ imenn nwnt ot CJ-H* * 

hiT1 Jj "T f»ctor8- 

(a, Mutations in the W, X, X2 or Y boxes, and a 
deletion of the octamer site (AO), were tested for 
their effect on CIITA recruitment in a promoter pull- 
down assay. Mutated or wild type (wt, promoter 
fragments immobilized on magnetic beads were incubated 
witfa R J6 .4 extract. Proteins purified by the pull 
down assay were analyzed by immunoblotting for the 
presence of CIITA, RFXS, NF-YB and OBF-1. 3% of the 
Input extract (-> was analyzed in parallel to visualize 
the enrichment obtained. 

(b) Pull -down assays were performed with the wild 
type promoter and extracts from SJO cells or SJO cells 
transfected with RFX5 . 2% of the input extract (-) . and 
proteins purified by the pull down assay (♦) were 
analyzed by immunoblotting. 

(c) MHC-II expression was analyzed by flow 
cytometry in SJO cells (open profile) and complemented 
SJO cells (solid profile) . 



ire 



n ■ Mutat.^^ «* »ff acting recruitment. 

(a) Schematic representation of wild type (wt) and 
mutant CIITA proteins. The acidic and 

proline/serine/threonine rich activation domains, GTP- 
binding cassette and leucine-rich repeat (LRU) regxon 
are indicated. 
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(b) hhcu expression was analyzed by flow 
i n RJ2 2 5 cells (open profile) and Ra 3 i 

rr^ered — 

profile) or L335 (black profile) . 

(c d ) Pull -down assays were performed wrth 
RJ2 2 V extracts supplemented with the indicated 
"co^inant CUT* proteins. !% of the input extract - 

bv the pull down assay ( + ) were 
and proteins purxfxed Py cne p rTTTA 

^ioftina The C-termmal CIITA 
analyzed by immunoblotting. 

antibody was used in part c. 
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the RFX_saElS2£ SSg 

Bvamole — 1 : mbunlt. 

lrt -.4«,^j B n o f 1 nov"l 33 KDa 

Hnrt MHC-II deficiency complementation 
Thr ee a lack of binding of the 

gr oups are c^-ct^ V chese ^ (c and D) 
RF X complex Sine ^ Rpx5 and 

result *™ f ^^JL 9 , 10l . it seemed likely 
RFXAP subumts of acco unted for by 

th " rf t h CULt L existence of a third 

mutation, in a third ^ ^ RpxAp 

rrt^^tr derate an X hox specific DNA 

mhc-II promoters xn a. coupe 
binds . to the MHC 11 P transcription 

».».» toqether with two other transcrxp 
manner tog et h These three factors 

factors, NF-Y and X2BP (ref b ) For example, 

individually bind DNA wxth a low affxnxty. 

u . a if life of an RFX -DNA complex xs only 2 to 
the half lxfe of a combi ne to 

4.^^.18.19 However, RFX, A^tsf, ^"-^ 
minutes . Howev , ^ r mu i t iprotem 

form an extremely stable tag extending the half 

-r? r,r.. t .T sr," 

efficient single step 

procedure. nuclear 

All steps were done at 4 C. A large 
extract (1.9 g of protein) was prepared as described 
Tl 2 X 10" TK6 B cells. 130 mg of extract (5 mg/ml) 
ferl supp Lnted with MgCl, to S *m; KC1 to 100 «M. 
Tp-40 to 0.01*. P oly(dIdC, - polyCdXdd « 0.1 2 S mg/ml. 
and single-stranded B. coli OKA to 0 .125 ^ 
extract was cleared by centrif ugation and incubated 
wfth 1 mg of streptavidin magnetic beads <^1) coate 

of a WXX2Y DRA promoter fragment 



with 30 mg 
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, lsntides -!50 to -47) biotinylated at the 5' end of 
(nucleotide. ISO ^ £or s 

the uppex : strand^ ^ ^ ^ _ ^ 

hou :; d ; "Jes rt h4 c mi b u f£er D « 0 « h E p ES ph . 

loo KC1 6 - 1 - «T. 

NP-40) . Non-specific competitor DNA (salmon sperm DNA 

L single-stranded E. coli DNA, both at 0.125 mg/ml> 

:l ncLded during the last four washes. Xn add, ion 

The last two washes contained 0.5 mg/ml specie 

etitL DNA in form of Hinf I -digested plasmid 

1 « Following the washes with DNA 

pD R30 (ref. , a furcher three 

competitors, the °"u S 

huffer D containing increased salt 
i-inies Wltn Duller- 

concentration (0.2 H KC1, . The proteins 

bound to the biotinylated DRA promote «r fragment were 

then eluted with buffer D containing 0.6 M KC1 and 

m EDTA instead of MgCl DRA promoter 

To summarize, a Blounyi«i= 
fragment containing the binding sites for RFX, X2BP. 
and NF-Y was coupled to streptavidin- coated 
paramagnetic beads and incubated with a crude B cell 
nuclear extract to allow formation of the multiprotein 
complex. The beads were then washed extensively with 
buffer containing non-specific competitor DNA. Finally 
the degree of purification was further increased by 
washing the beads with a buffer containing specie 
competitor DNA, namely the same DRA promoter sequence 
that was used for selection. The rationale for 
including the latter step in the purification procedure 
was that it should permit elimination of proteins that 
bind the DRA promoter less stably than the RFX-X2BP-NF- 
Y higher order multiprotein complex. For example, other 
members of the X box binding protein family", such as 
EFX1-RFX4, would be eliminated preferentially by the 
final washing step because they bind to the DRA 
promoter with significantly less stability, and thus 
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with a considerably shorter half-life. than the 
multiprotein RFX-X2BP-NF-Y complex. 

Th<s single-step affinity purification procedure 
turned o'ut to be very efficient. As judged by western 
blotting experiments with anti-RFX5 antibodies and 
b B "adL 9 d assays to estate total protean 
concentrations, the yield of RFX was greater than 80, 
and the enrichment with respect to the crude nuclear 
extract was at least 3000 fold Analyse of the 
purified fraction by SDS-PAGE indicates that it 
contains only 11 different protein bands lane 1. 
Fig U . xmmunoprecipitation of the RFX complex from 
the' affinity purified fraction was a critical step in 
the identification of the different protein 
of this complex. Rabbit polyclonal antisera for RFX5 
and RFXAP have been described P^oo-ly. 
zmmunoprecipitation was done according to standard 
protocols". Analysis of the co-immunoprecipitated 
proteins was performed both by one-dimensional (lane 3 
p ig i) and two-dimensional gel electrophoreses. Two 
lands were recognized by Western blot as RFXS and 
RFXAP Two additional protein bands were found at 120 
«a and 33 kDa respectively. The two proteins were 
isolated from a preparative gel and subjected to 
^sequencing by capillary liquid chromatography 
tandem mass spectroscopy (LC-MS/MS, ref.25) 

Purified proteins were dialysed against buffer D, 
precipitated with acetone, and separated by SDS-PAGE. 
Lter staining the gel with Coomassie 
bands were excised and subjected to microsequencmg 

described below. . .... 

The 120 kDa band was identified as poly(ADP 

(di,pp) an abundant chromatin- 
ribose) polymerase (PARP) , an 

associated enzyme". The significance of co- 
iITO unoprecipitation of PARP with the RFX complex is not 
clear On the other hand, the novel 33 kDa protein 
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(PiQ i) was considered a good candidate for an 
, k nit of the RFX complex. This protein was 
additional subunit «J£ co-immunoprecipitated 

reproducibly an, ^*^ fi J £raction wich antisera 

frrtm the total affinity P" 1 "" , ■ 

from tne tot Jts hyslca i 

directed against either RFXAP or because 
-v, pux5 and RFXAP is very tight because 
association with RFX5 ana nr 

ie is partially resistant to treatment with 1M 
Ouanidine-HCl. The 33 KD. polypeptide thus behave, , « , . 
bona fide subunit of the RFX complex. From its mobility 
relative to RFXAP (36 KDa) , the 33 protein does not 
correspond to the band referred to as p41 by others and 
:i ieved to be a component of RFX <ref.">. Indeed no 
additional polypeptide of this size range, besides 
RFXAP and the novel 33kSa protein, can be 
immunoprecipitated as part of the RFX «"*> lex / 

RFXAP antiserum was imrmmoaffinity-purified on a 
column containing a C-terminal peptide of RFXAP 
(ref ...) coupled to CNBr-activated Sepharose 
(Pharmacia-Biotech) . Affinity purification RFXAP 

according to standard protocols 
antibodies was done accoramy ^ 

. j •£ -: „ A nronaratlOtl V 



JVJ.X5it> — 

in the DNA-affinity purified preparation 



(see 



lane 1, Fig. Th "three proteins were identified by 
astern blotting and immunoprecipitation as subun.ts . of 
the NF-Y complex. Direct microsequencmg by LC-MS/MS 
confirmed the presence of NF-Y peptide sequences. The 
remaining protein bands, distinct from both RFX and NF- 
Y, probably represent X2BP and/or contaminants. 

P pi. 2 : -^H.. of EFXANK gene. 

Approximately 500 ng of the protein present in 
the 33 kDa band was purified by SDS-PAGE and subjected 
to sequence analysis by LC-MS/MS. 

RFXANK was sequenced by capillary liquid 
chromatography tandem mass spectrometry (LC-MS/MS) . The 
protein excised from the gel was digested with trypsin 
(Promega, Madison, WI) and extracted as described 
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to LC-MS/MS, the peptides were 
previously". ^ H20 . peptides were 

vacuum dried and ~™ column , packe d with 200 A 
ioaded onto a 75 mm ^ mate rial 

pore, S mm particle ^ ^ ^ ^ us 

(Mich rom B--:° Ur s 'Xe q uent elution was performed at 
pressure bomb . Subs ^ through . splictl ng Tee 

250 nL/min after fracci ^ gradient 

(Valc o instrument s Houston « ^ bu££er 

thac was developed for 30 ». ^ % C4HF702) 

A (2 % CH3CN 98 « ^ Q 4 % ^^H, 0 . 0 05 

to buffer B (80 « CH3C1 '' trafMt „ ic roprotein analyzer 
% C4HF702) on a Michrom ultrafast M ^ 

„«,-,r-oe>s Auburn, <-^-J • 
(Michrom BloreS ° U ^; ced on a Fi nnigan MAT TSQ 7000 
spectrometry was = nd - ^ ^ ^ ^ 

(San Jose, CA) eqUP ^ ide ionization. The 

m icrospray dev^ autQmated mod e, -where parent 

instrument was ™ selecced for fragmentation . 

raa sses were aut ^"^^.^ (CID) spectra were 

collision ind - ed dat d a 1 bas ° e ent ries using the SEQUBST 
correlated wrth database interpretation, 
programme*' and ver.f ed ^ ^ ^ 

Databases used for uK/bsm/dbbro wser/OWL/OWL.html 

html) independent peptides 

Perfect matches to thre 

(Fig . 2a) were identified U ™ ^ d £ro m a 

" * Tr^T^lZZ?* seeing lOenBan* 
gen e laentifreA b J 9 =omplete seq uence of the 

accession number 2627294) deCer mined by* 

corresponding m.HA (Fxg. . ^ ^ fay 

assembling the ESTs 

^ fn the qenomic sequence, 
comparing ,t to t g were 

f the pu tive protein product (SenBan* 

ression numLr ^27294, encoded by a human gene 
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ld entified by sequencing of two over lapping eo» d 
(GenBank accession numbers AD000812 and AC003110) 
derived fro. the short ar, of chromosome 19, and in a 
targe number of human EST clones (over BO Afferent 
ESTS; accession numbers of representative ESTs. 
^282432, AA290933, AA411028, H63462, AA496321) The 
complete human RFXANK mRNA sequence was ■ obtaxned by 
organizing the ESTs into a single contig. 

The sequence was further confirmed experimentally 
by amplifying the entire • open reading frame of the 

corresponding cDNA by RT-PCR and by sequencing several 

independent clones. 

^$0 Tha. resulting sequence was confirmed by 
i»arison\with the genomic sequence and by RT-PCR 
aTolificati\ and sequencing of RFXANK cDNA clones from 
control B c\l lines (Raji and QBL) The following 
primers were uLd to amplify RFXANK cDNAs by PGR: 5 P 33 
( 5 - cCGTAdSCGTCTAGACCATGGAGCTTACCCAGCCTGCAGA- 3 ■ ) , 

1 which overlaps th\ translation initiation codon, and 
3-P33 (5 '-TTCGAATTcWgTGTCTGAGTCCCCGGCA-3-), whxch is 
complementary to the\ untranslated region of RFXANK 
mRNA. Homology to RFXANK mRNA is underlined The 
primers contain restriction sites at their 5 ' ends to 
facilitate cloning. RFXANK\cDNAs were cloned into the 
expression plasmid EBO-76PL\ref . *) and pBluescript KS 
(Stratagene) . 12 RFXANK cDNA Vlones were sequenced on 
both strands.' The nucleotide ^d amino acid sequences 
of human RFXANK were tested for\iomology to sequences 
in EMBL, GenBank, SwissProt, W dbEST. Sequence 
analysis was performed with PC/gene\ (Intelligenetics) , 
BLAST programs available through Vhe NCBI server 
(http://www.ncbi.nlm.nih.gov), and \a variety of 
proteomics tools (http://www.expasy.ch/www/tools.html). 
For multiple protein sequence alignments, CLUSTALW 
(http://www2.ebi.ac.uk/clustalw) was used\ ESTs were 
assembled into contigs with the TIGr\ Assembler 
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(AA8517\l) 
present 
N25678, 
AA418089 , 



The search for homology to human 
(httD://www.t ig r. org). The sear 

rFXaL identified EST clones corresponding 
(I^Ll, AA616H9, AA259432, AA146531) and rat 
( V orthologs, and to a highly homologous gene 
l both m an (AA496038, AA442702, AA205305, 
.0046, AA418029, AA633452, H39858, R86213, 
L316 R63682, N55216) and mouse (AA245178, 
Z31339 AAllk335)\ The sequences of mouse Rfxank and of 
" human al -use homologues were determine, b y 
• <™ thA corresponding ESTs into contigs. The 

cDHA by RT-PCR fV C57BL6 mouse spleen RNA using the 

,! r cr^c;cV--c---- ccAcTcAGGTTGc 

which overlaps the translation initiation codon, 

TJZi fs- ttcgaaWgagtgcctgggttccagcagg -3M, 
and m3 p33 <S T \ untranslated region of 

which is complementary t<s tne J 

Rfxank mRNA. Homology V mouse Rfxank mRNA is 
underlined. The primers included extensions with 
restriction sites that wer\used to clone the mouse 
Rfxank cDNA directly into \he EBO-76PL expression 
vector'. 14 clones were sequenced on both strands. 
-T^Twcx splice variants were identified at 
Jfo*ima\ly equal frequencies. They differ only by 
the insertion of a single CAG triplet (Pig. a.) and 
probably res\t from the alternative usage of two 
possible splic\acceptor sites situated 3 nucleotides 
apart upstream o\exon 4. An additional minor splice 
variant lacking \on 5 (see Fig. 2a) was also 
identified, both in\an EST and in one of the cDNA 
c 1 one^ ^daira-^e^-sfeewEij 
>5he cDNA corresponding to the 33 kDa protein 

rv cains X 260 amin ° aCid ° Pen reading frame ' The 
Cslation\nitiation codon is preceded by an in-frame 
TGA stop codoK indicating that the coding region is 
complete. The deuced molecular weight (28.1 kDa) and 
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isoelectric point (4.45) correspond well to the 
biochemical parameters determined for P 33 in one- and 
two-dimensional gel electrophoresis (data not shown) . 
The pXtein encoded by the open reading frame is novel . 
in particular, it exhibits no homology to either RFXAP 
or RFX5\ the two other known . subunits of the RFX 
complex, V to other members of the RFX family of DNA 
binding pr\teins 2 \ A search for homology to known 
proteins and\ motifs did identify the presence of three 
ankyrin repeaVs (Fig. 2b). Together with the fact that 
it is an essential subunit of the RFX complex, this led 
us to call theVrotein RFXANK, Outside of the ankyrin 
repeat region, tke only other recognizable feature is 
an N-terminal ac\dic region resembling transcription 
a ctiva t, iov ^ 

EST clones corresponding to mouse and rat Rfxank 
re als\ identified in the data base. Mouse ESTs were 
organizedNinto a contig to generate a partial mouse 
sequence, Which was then confirmed and completed by 
isolating mou^e Rfxank cDNA clones by RT-PCR. Homology 
to human RFXANK is high (85 % overall amino acid 
identity), particularly within and surrounding the 
ankyrin repeat region (94% amino acid identity, Fig. 
2b) . Two different^ splice variants were found among 
mouse Rfxank cDNA cldnes . The major one, which is shown 
as the deduced amino\acid sequence aligned with the 
human sequence in Fig\ 2b, is characterized by an 
additional stretch of lo\mino acids that precedes the 
first ankyrin repeat. A m\nor splice variant lacking 
these additional 10 amino acids was also represented 
among the mouse cDNA clones isdS^ated (not shown) . 
RFXANK may belong to a family\ of related proteins 
because we identified a number of \dditional EST clones 
corresponding to at least one humanNmd one mouse gene 
exhibiting a high degree of homology\to RFXANK gene 
(Fig 2b) . These are by far the most closely related 
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seouWes currently present in the data base. In 
addition, the ankyrin repeats of RFXANK show dist.net 
but move limited homology (25-40% identity) to ankyrin 
repeat \ regions of a variety of 
including the b subunit of the transcription 
GABP (reL 28 - 29 . see Fig. 2b) 



:o.2i. 



other proteins 

factor- 




Cell lines and culture. The in vitro generated 
MHC-II negative B cell line RJ2.2.5 (ref. 39 ), the EBV 
transformed B cell lines from patients Ab, Na, BLS1. Da 
and SJO (refs."' 40 - 43 ), and the control B cell lines Raji 
and QBL were grown in RPMI 1640 medium (GIBCO BRL) 
supplemented with 10% fetal calf serum, penicillin, 
streptomycin and glutamine. Cells were incubated at 37 
oC in 5% C02. The TK6 B cell line used for large scale 
nuclear extract preparation was grown at 37 oC in 
rollers in C02 independent medium (GIBCO BRL) 
supplemented with 10% horse serum (GIBCO BRL), 
penicillin, streptomycin and glutamine. 

It seemed likely that mutations in the newly 
identified gene RFXANK could account for the lack of 
RFX binding in the last non elucidated group of MHC-II 
deficiency. An RFXANK expression vector ( pEBO - RFXANK ) 
was therefore transfected into BLS1, a cell line from a 
patient in complementation group B. As control, pEBO- 
RFXANK was also transfected into cell lines from 
complementation groups A (RJ2.2.5), C (SJO) and D (Da), 
which carry mutations in CIITA, RFX5 and RFXAP, 

respectively 8 " 10,15 - 

The RFXANK cDNA (the splice variant with the 
additional CAG) cloned in pEBO-76PL (pEBO-RFXANK) , or 
the empty pEBO-76PL expression vector were transfected 
by electroporation into RJ2.2.5, SJO, BLS1 and DA 
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cells Transfected cells were selected with hygromycm 
as described 8 . Transfected RJ2.2.5, SJO, BLS1 and DA 
cells were maintained under hygromycin selection for at 
least 10 days prior to FACScan analysis. 

BLS1 transfectants were sorted for HLA-DR 
expression before FACScan analysis of HLA-DR, HLA-DP, 
HLA-DQ and MHC-I expression. Sorting was performed 
using an HLA-DR specific antibody and magnetic beads 
(Dynal) as described previously 8 . FACS analysis was 
performed as described 10 . 

Expression of HLA-DR was restored in the BLS1 
cell line, while no reactivation of DR expression was 
observed in the other three cell lines (Fig. 3a) . 
Complementation of BLS1 with pEBO-RFXANK restored 
expression of all three MHC-II isotypes (HLA-DR, -DP 
and -DQ) to levels similar to or greater than those 
observed in the control B cell line Raji (Fig. 3b), 
indicating that all MHC-II a and b chain genes were 
reactivated coordinately by RFXANK. Re-expression of 
MHC-II by transfection with pEBO - RFXANK was also 
observed in Na and Ab, two other cell lines from 
patients in complementation group B (data not shown) . 
In contrast to the drastic effect of RFXANK on MHC-II, 
no effect on cell surface expression of MHC ' class I 
(MHC-I) genes was observed in the complemented cells 
(data not shown) . 

Example * • RFXANK is mutated in patients from 

nnm plementation gr oup B 

The specific complementation obtained in cell 
lines from patients in group B suggested that RFXANK is 
affected in these patients. The entire coding region of 
RFXANK was therefore amplified by RT-PCR from the BLS1, 
Na and Ab cell lines, subcloned and sequenced. 
-IT^JpThe entrre coding region of RFXANK mRNA was 
Amplified by RT-^TR from patient cells using the 5'p33 
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and 3'p33 primers described above. PGR products were 
Cloned into pBluescript and sequenced on both 
3 d , For each patient. 3 independent cDNA clones 
„ere\equenced. The genomic DMA spanning exons 4 to 7 
was allified by PCR from patient cells using an exon 4 

specif A primer ( 5 ■ -CCAGCTCTAGACTCCACCACTCTCACCAAC- 3 ) 
having \ S- extension containing an. Xbal site 
(underling) and an exon 7 specific pnmer (5 - 
CCTTCGAATTc\cGCTCTTTTGCCAGGATG-3') having 
extension chaining an EcoRI site. PCR products were 
sublconed ink pBluescript KS (Stratagene) and 6 
independent subclones were sequenced for each patent. 
Analysis of the \ild type and deleted alleles in the 
patients and the\r families was done by PCR using 

intronic primers flWing exon 6 ; 

i 5 • -ggttctctagattggcXgcactggggatag-3 ' ) and 



(S.-GCTACGAATTU^^CACAGCCAAAAC-S-). These primers 
carry 5- extensions containing, respectively, Xbal and 
EcoRI sites (underlined). The sizes of the wild type 
and deleted PCR products We, respectively, 265 bp, 239 
bp (Ab and Na) and 207 bp\(BLSl) 

ju^ Analysis of several independent cDNA clones 
^aled\he presence in all three patients of the same 
aberrant fo^m of RFXANK mRNA lacking exons 5 and 6 
(Fig 4a). Splicing of exon 4 to exon 7 leads to a 
frame shift foWed by an out of frame stop codon 
(Fig. 4a) and tVs results in the synthesis of a 
severely truncated \fXANK protein lacking the entire 
ankyrin repeat region (see Fig. 2b) . 

To define the mutations leading to the aberrantly 
spliced RFXANK mRNA we amplified by PCR the region 
spanning exons 4-7 from genomic DNA isolated from 
patients BLS1, Na and Ab, and control individuals. The 
PCR products were subcloned and 6 independent subclones 
were sequenced for each patient. All clones from 
patients Na and Ab contained a 26 bp deletion that 
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removes the splice acceptor site and the first 
nucleotide of exon 6; all clones from patient BLS1 
contained a 58 bp deletion that, removes the last 23 
nucleotides and the splice donor site of exon 6 
(Fig 4b) . 

To determine whether the patients are homozygous 
for the mutated alleles, the region spanning exon 6 was 
amplified by PCR from genomic DNA. Only the allele 
containing the 2 6 bp deletion was detected in Na and 
Ab, and only the allele containing the 58 bp deletion 
was detected in BLS1 (Fig 4b) . In the case of Na, this 
is consistent with the fact that the parents are 
consanguineous 7 . For Ab and BLS1, homozygosity was 
established by analyzing DNA from the other family 
members: both parents of Ab carry the allele containing 
the 26 bp deletion and both parents of BLS1 carry the 
allele containing the 58 bp deletion (Fig 4b) . 

Example 5 >- RFXANK i a essential for binding of the RFX 
complex to DNA. 

Cells having mutations in RFXANK (group B) , RFX5 
(group C) and RFXAP (group D) all lack detectable RFX 
binding activity, suggesting that each of the three 
subunits is essential for binding. The availability of 
cDNA clones encoding all three subunits of the RFX 
complex allowed us to test this directly. The three 
subunits were translated in vitro, either singly or 
together in all possible combinations, and the 
translation products were tested for their ability to 
bind to an X box probe in an electrophoretic mobility 

shift assay (EMSA) . 

■In vitro transcription-translation reactions and 
ttrophoretic mobility shift assays (EMSA) using 
tuclear extracts ante in vitro translated proteins were 
done as described9 , 2V 50 . The production of polyclonal 
rabbit antisera specific for RFX 5 and RFXAP and their 
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use i\ supershift experiments have also been 
describe^. The monoclonal anti-FLAG anybody (M2 
Kodak) waXused in supershift experiments at a final 
concentration^ 20 ng/ml . The RFXANK cDNA tagged with 
a FLAG epitopkat its N terminus was constructed as 
follows: The entire RFXANK open reading frame was 
amplified from pXo-RFXANK plasmid by PCR witt i primers 
3 ,p 3 3 (describk above) and FIAG-5p33 

( 5 -ccgtacgcgtctagaa\ggattacaaagacgatgacgataagatggagctt 

ACCCAGCCTGCAGAAGAC -X ) . The FLAG epitope (DYKDDDDK) 
coding seance is \under lined. The PCR ^ product 
containing the FLAG sequence fused to the 5- end of 

.RFXSNK-wal^^ 

The results demonstrate that X box-binding 

complexes are indeed generated, but exclusively when 
all three subunits are present (Fig. 5a). The RFX-DNA 
complexes that are generated with recombinant subunits 
migrate as three discrete bands, of which the lower co- 
migrates with the complex formed by native RFX m 
nuclear extracts (Fig. 5a). The reason for the aberrant 
mobility is not clear. Reasonable explanations include 
an abnormal conformation due to defective folding, 
abnormal postradiational modifications, or an 
incorrect stoichiometry between the different subunits. 
Supershift experiments with antibodies directed against 
each of the three subunits demonstrated that the 
different complexes all contain RFX5, RFXAP and RFXANK 
(Fig. 5b). The anti-RFX5 and anti-RFXAP antibodies used 
in these experiments are known to supershift the RFX 
complex efficiently and specifically". In the case of 
RFXANK, the complexes were generated with a FLAG 
epitope-tagged version of RFXANK, and an anti-FLAG 
antibody was used for the supershift. The specificity 
of the supershift obtained with the anti-FLAG antibody 
is demonstrated by the fact that migration of the 



64 

complexes is not affected when they contain RFXANK 
lacking the FLAG tag. 

Example 6 « new sin gle step DNA purification procedure 

We had observed earlier that the RFX complex 
binds to the MHC-II promoters in a cooperative 
manner 18 ' 22 together with two other transcription 
factors, NF-Y and X2BP (refs 16 ' 17 ) . These three factors 
individually bind DNA with a low affinity. For example, 
the half life of an RFX -DNA complex is only 2 to 4 
minutes 18 ' 19 . However, RFX, X2BP, and NF-Y combine to 
form an extremely stable higher order multiprotein 
complex on MHC-II promoters 18 ' 19 ' 22 , extending the half 
life of the complex to more than 4 hours (ref. 23 ). This 
particular feature was exploited to develop an 
efficient single-step DNA-affinity purification 
procedure . 

All steps were done at 4°C. A large scale nuclear 
extract (1.9 g of protein) was prepared as described 44 
from 2 X 10 11 TK6 B cells. 13 0 mg of extract (5 mg/ml) 
were supplemented with MgCl 2 to 6 mM, KCl to 100 mM, 
NP-40 to 0.01%, poly(dldC) - poly(dldC) to 0.125 mg/ml, 
and single- stranded E. coli DNA to 0.125 mg/ml. The 
extract was cleared by centrif ugation and incubated 
with 1 mg of streptavidin magnetic beads (Dynal) coated 
with 30 mg of a WXX2Y DRA promoter fragment 
(nucleotides -150 to -47) biotinylated at the 5' end of 
the upper strand. Binding was allowed to proceed for 6 
hours with end-over-end rotation. The beads were then 
washed 6 times with 4 0 ml buffer D (20 mM HE PES pH 7.9, 
100 mM KCl, 6 mM MgCl 2 , 1 mM DTT, 20% glycerol, 0.01% 
NP-4 0) . Non-specific competitor DNA (salmon sperm DNA 
and single- stranded E. coli DNA, both at 0.125 mg/ml) 
was included during the last four washes. In addition, 
the last two washes contained 0.5 mg/ml specific 
competitor DNA in form of Hinf I -digested plasmid 
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pDR300 (ref. 45 ). Following the washes with DNA 
competitors, the beads were washed a further three 
times with buffer D containing increased salt 
concentration (0.2 M KCl) . The proteins that remained 
bound to the biotinylated DRA promoter fragment were 
then eluted with buffer D containing 0.6 M KCl and 10 
mM EDTA instead of MgCl 2 . 

To summarize, a biotinylated . DRA promoter 
fragment containing the binding sites for RFX, X2BP, 
and NF-Y was coupled to streptavidin- coated 
paramagnetic beads and incubated with a crude B cell 
nuclear extract to allow formation of the multiprotein 
complex. The beads were then washed extensively with a 
buffer containing non-specific competitor DNA. Finally, 
the degree of purification was further increased by 
washing the beads with a buffer containing specific 
competitor DNA, namely the same DRA promoter sequence 
that was used for selection-. The rationale for 
including the latter step in the purification procedure 
was that it should permit elimination of proteins that 
bind the DRA promoter less stably than the RFX-X2BP-NF- 
Y higher order multiprotein complex. For example, other 
members of the X box binding protein family 24 , such as 
RFX1-RFX4, would be eliminated preferentially by the 
final washing step because they bind to the DRA 
promoter with significantly less stability, and thus 
with a considerably shorter half- life, than the 
multiprotein RFX -X2BP -NF-Y complex. 

This single -step affinity purification procedure 
turned out to be very efficient. As judged by western 
blotting experiments with anti-RFX5 antibodies and 
Bradford assays to quantitate total protein 
concentrations, the yield of RFX was greater than 80% 
and an enrichment with respect to the crude nuclear 
extract was at least 3000 fold. Analysis of the 
purified fraction by SDS-PAGE indicates that it 
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contains only ll different protein bands (lane 1, Fig. 
1). Immunoprecipitation of the RFX complex from the 
affinity purified fraction was a. critical step m the 
identification of the different protein components of 
this complex. Rabbit polyclonal antisera for RFX5 and 
RFXAP have been described previously 10 , 

immunoprecipitation was done according to standard 
protocols". Analysis of the co-immunoprecipitated 
proteins was perf6rmed both by one -dimensional (lane 3, 
Fig. 1) and two-dimensional gel electrophoresis. Two 
bands were recognized by Western blot as RFX5 and 
RFXAP. Two additional protein bands were found at 120 
kDa and 33 kDa respectively. The two proteins were 
isolated from a preparative gel. 

sample 7 reerui^ ^t of CIITA assay 



. cell line s , transfections and flow cytometry. 

The B cell lines Raji, RJ2.2.5, SJO and SJO 
transfected stably with RFX 5 have been described (ref 
(Steimle, Otten, et al . 1993 ID: 1242} and Villard et 
al, submitted). The RJ6.4 cell line was produced by 
stable transfection of RJ2 .2.5 with CIITA tagged at its 
N-terminus with a hemagglutinin epitope (V. Steimle, 
unpublished). Cell culture, transf ections , selection 
with hygromycin, and flow cytometry using HLA-DR 
antibodies were done as described. 



- Extracts and recombinan t CIITA expression. 

Cells were resuspended in 2 packed cell volumes of 
a buffer containing 50 mM Hepes-Na pH 7.9, 400 mM KCl, 
1 mM EDTA, 1 mM EGTA, 2 mM DTT, 5 ng/ml leupeptin, 1 mM 
PMSF, 0.5 mM NaF , 0.5 mM Na 3 V0 4 , 0.01% NP-40, 20% 
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alyC erol and a cocktail of antiproteases ^^L, 
Roche Diagnostics) . Whole cell extracts were obtained 
Roche 9 ^ lea cleared by centrif ugation and 

. f reeZ e-thaw cycles, cieaicu 

by 3 treeze j ~ TTTA nroteins were 

stored at -BO-C. Recombinant CIITA protei 

• „ t rP ii s using a Vaccinia-T7 system, and 
expressed in HeLa cells using a 

extracts from these cells were prepared as above. 



- tira promoter «-o-mplates . 

Wild type and mutated DRA promoter ^agments 
constructed by PCR on a DRsyn template. The W box 
sequence GGACCCTTTGCAAG was stated to TACATAGCGTACGT - 
£TL box sequence TGCGTCA was mutated to GACAAGT. The 
stated X and Y template, were described P"™- 1 ^ 
Th e goct template (-ISO to -56) was obtained by 
digestion of the wild type DRsyn fragment with Bglll. 

. r~ *-r-*-«* » T"~<~it.Hnn promoter pull- 

,1 nny- f < of TTTTA assay). 

All steps were done at 4°C. For 
immunoprecipitation experiments, extracts (15 ul. 0.5- 
0 6 mg) were diluted twofold with a buffer containing 
20 mM HEPES pH 7.9. 9 mM MgCl,. 1 mM DTT, 20% glycerol, 
0 01% NP-40, and a coclctail of antiproteases 
(Complete™, Roche Diagnostics) . Diluted extracts were 
cleared by centrifugation, and supplemented with 
0.15 mg/ml single-stranded E. coli DNA and 0.15 mg/ml 
poly(dldC) - poly(dldC). DRA promoter fragments 
(2 5 pmole) , or an equivalent amount of salmon sperm 
DNA (0.2 ug), were added and protein-DNA complexes were 
assembled for 2 hours. Before immunoprecipitation, 
extracts were ore-incubated with protein A-Sepharose 
beads (Pharmacia) for 30 minutes and cleared by 
centrifugation. Supernatants were then incubated for 1 
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hour with anti-RFXAP or anti-CIITA-N antibodies coupled 
to protein-A-Sepharose. The beads were washed thrice 
with buffer D (20 mM HEPES pH 7.9, 100 mM KCl, 6 trM 
MgCl 2 , 1 mM DTT, 20% glycerol, 0.01% NP-40) containing 
1 mg/ml BSA, and proteins were eluted with SDS-PAGE 
sample buffer. For pull -down assays, protein-DNA 
complexes were assembled, washed and eluted as 
described above, except that the promoter templates 
were biotinylated at the 5' end of the upper strand and 
coupled to streptavidin- coated magnetic beads (10 pg, 
Promega) . Conditions were set up such that retrieval of 
RFX and NF-Y from crude cell extracts was, 
respectively, 100% and 20-50%. Due to low affinity for 
the enhanceosome , typically less than 1% of the CIITA 
was recruited. The CIITA concentration was found to be 
the limiting factor for the interaction. This is 
consistent with previous findings indicating that the 
concentration of CIITA is the limiting factor in MHC-II 
transcription. The low affinity of the interaction 
ensures that recruitment of CIITA to MHC-II promoters 
would be concentration dependent within a physiological 
range. Experiments in Figures 9 and 10 were performed 
with extracts from RJ6.4 cells expressing 2 to 3 times 
more CIITA. than the B cell line Raji. This led to a 
proportional increase in CIITA recruitment, thereby 
yielding neater results having a higher signal-to-noise 
ratio. Notwithstanding, identical results were obtained 
with Raji cells. Extending the promoter' template 
upstream to position -196 or downstream to +51 did not 
improve enhanceosome assembly or recruitment of CIITA. 
In experiments with recombinant CIITA, extracts from 
RJ2.2.5 and HeLa cells expressing the recombinant 
proteins were mixed before adding the other reaction 
components. Concentrations of recombinant CIITA added 
to the assembly reactions were comparable to the 
endogenous CIITA concentration in B cell extracts. 
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. antibod-i es and ■immunoblottinq. 

Antibodies specific for the N-terminus of CIITA 
(anti-CIITA-N, used in Figures 9, 10, lid) were 
obtained by affinity purification of a polyclonal anti- 
CIITA serum on a N-terminal His 6 -tagged CIITA fragment 
(aa 25-300) covalently coupled to Sepahrose beads. 
Antibodies specific for the C-terminus of CIITA (anti- 
CIITA-C, used in Figure 11c) were retrieved from the 
unbound fraction by a second affinity purification step 
using full-length recombinant CIITA. RFX5 antibodies 
and immunoaffinity-purified RFXAP antibodies have been 
described. The NF-YB antibody was a gift from Roberto 
Mantovani. The TBP antibody was a gift from Pierre 
Chambon. The other antibodies were purchased from Santa 
Cruz Biotechnology (a-OBF-1 sc-955, a-CREB-1 sc-271, 
a-CREB-1 sc-186, a-CREB-1 sc-58, a-JunB sc-46, a-CBP 
sc-583, a-hTAF II p250 sc-735) . Proteins were analyzed 
by immunoblotting according to standard protocols. In 
immunoblots done with B cell extracts (Figures 9 and 
10) , CIITA is detected as a double band, probably due 
to the use of alternative initiation codons . 



Conclusions ; 

We hypothesized that recruitment of CIITA to MHC- 
II promoters might require the synergistic contribution 
of weak interactions with multiple enhanceosome 
components. To test this, we performed 
immunoprecipitations with B cell extracts and 
antibodies directed against CIITA or RFX, in the 
presence of a prototypical MHC-II promoter (DRA) 
fragment permitting enhanceosome assembly (Fig. 8) . The 
immunoprecipitates were analyzed for the presence of 
CIITA, RFX and NF-Y (Fig. 9). Co- immunoprecipitation of 
the three factors was observed only when the promoter 
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fragment was included, demonstrating formally that 
CIITA interacts physically with the assembled 
enhanceosome but not with isolated components such as 
RFX or NF-Y. The trace amount of CIITA that co- 
immunoprecipitates with RFX in the absence of promoter 
DNA does not reflect a specific RFX-CIITA interaction 
because it is also observed when pre- immune serum is 
used, in contrast, the small amount of NF-Y that co- 
purifies with RFX in the absence of promoter template 
is not observed with pre-immune serum, suggesting the 
existence of a weak interaction between these two 
proteins in solution (Fig. 9) . 

To identify enhanceosome components critical for 
CIITA recruitment we developed a pull-down assay 
employing wild type and mutated DRA promoter templates 
immobilized on magnetic beads. Recruitment of CIITA to 
the enhanceosome is demonstrated by co-purification of 
CIITA with RFX and NF-Y when B cell extracts and the 
wild type template is used (Fig. 10a) . The same is 
observed using extracts from MHC-II negative cells 
(HeLa, HEK 293) tansfected with CIITA (data not shown), 
indicating that the enhanceosome components required 
for recruitment are not B cells specific. This is 
consistent with the fact that transfection with CIITA 
is sufficient activate MHC-II expression in such MHC-II 
negative cells. The pull down assay is specific because 
no purification is observed for irrelevant factors such 
as the transcription factor JunB, subunits of TFIID 
(TBP, TAF250) or the co-activator CBP (data not shown) . 
Mutations of the W, X2 and Y boxes all strongly reduced 
CIITA recruitment (Fig. 10a) . The Y mutation 
specifically eliminates binding of NF-Y, indicating 
that this protein is crucial for CIITA recruitment. The 
drastic effect of the W and X2 mutations also 
demonstrates the importance of X2BP and W binding 
factors for CIITA recruitment. These factors are likely 
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to provide direct contacts with CIITA because the X2 
and W mutations do not interfere with binding of RFX or 
NF-Y. Unfortunately, purification of the relevant X2 
and W binding factors in the pull down assay could not 
be analyzed because their identity remains obscure. A 
recent report has suggested that X2BP contains CREB-1. 
However, CREB-1 was not enriched consistently by the 
pull down assay and we could not show that it is 
required for CIITA recruitment (data not shown) . 

The oc tamer -binding site of the DRA promoter is 
required for maximal expression in B cells and has been 
proposed to bind the lymphoid- specific factor Oct -2 and 
the co-activator OBF-1. Removal of the octamer site 
abolished retention of OBF-1 in the pull down assay, 
but this had no detectable effect on binding of CIITA 
(Fig. 10a) . We conclude that the octamer site and its 
cognate activator proteins are not required for 
tethering of CIITA to the promoter. This is not 
surprising considering that the DRA promoter is the 
only MHC-II promoter that contains an octamer site. 
Surprisingly, the X mutation had no effect on CIITA 
recruitment (Fig 10a) . However, it also did not 
eliminate binding of RFX (Fig. 10a) . This was 
unexpected because the X mutation used here is known to 
abolish binding of RFX in gel retardation experiments. 
It is likely that the explanation for this discrepancy 
resides in the strong cooperative binding interactions 
that RFX entertains with other enhanceosome components. 
These interactions could be sufficient to retain RFX on 
the promoter despite the mutated X box. Indeed, 
interactions with NF-Y and X2BP are known to stabilize 
binding of RFX to severely mutated X boxes and to the 
natural low affinity target sites present in many MHC- 
II promoters. 

To determine whether the RFX complex is required 
for CIITA recruitment we used cell lines derived from 
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MHC-II deficiency patients having mutations in the 
genes encoding its three subunits (RFX5, RFXAP and 
RFXANK) . Binding of RFX . and recruitment of CIITA are 
not observed in pull -down assays performed with 
extracts from the RFX5 -deficient cell line SJO 
(Fig. 10b). Identical results were obtained with cell 
lines lacking RFXAP or RFXANK (data not shown) . Binding 
of RFX, recruitment of CIITA and MHC-II expression are 
restored in SJO cells complemented with RFX5 (Fig. 
10b, c) . This confirms that incorporation of RFX into 
the enhanceosome is essential for recruitment of CIITA 
and promoter activation. 

To define domains within CIITA that are 
implicated in recruitment, we used a CIITA deficient 
extract (RJ2.2.5) that was supplemented with 
recombinant wild type or mutant CIITA. Two dominant 
negative mutants (A5 and L335) lacking the N-terminal 
transcription activation domains were tested (Fig. 
11a) . Transfection of MHC-II positive cells with L335 
leads to a 10 fold reduction in MHC-II expression 
(Fig. lib) . A5 and L335 retain their ability to bind to 
the enhanceosome, indicating that the C- terminal moiety 
of CIITA is sufficient (Fig. 11c) . Remarkably, 
recruitment of A5 and L3 35 was considerably more 
efficient than that of wild-type CIITA, indicating that 
their dominant negative phenotype can be explained by 
an increased affinity for the enhanceosome. This would 
lead to competitive inhibition of wild type CIITA 
recruitment in transfected cells, which typically 
express the mutant proteins at levels greater than that 
of the endogenous protein. Two loss of function mutants 
isolated from MHC-II deficiency patients BLS-2 and BCH 
were also tested. They contain small in frame deletions 
situated adjacent to or within a putative protein- 
protein interaction domain consisting of leucine rich 
repeats (LRR) . The BCH and BLS-2 mutants were recruited 
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less efficiently than wild type CIITA (Fig. lid). 
Deletion of sequences involved in recruitment is thus 
likely to account, at least in part, for their loss of 
function phenotype. The finding that the BLS-2 and BCH 
mutations inhibit recruitment only partially suggests 
that CIITA contains more than one region involved in 
binding to the enhanceosome . This is in agreement with 
the fact that multiple DNA binding proteins form the 
landing pad for CIITA (Fig. 10). 

Multiple CIITA- enhanceosome interactions would be 
expected to exert a reciprocal stabilization effect. 
They would not only enhance binding of CIITA, but also 
contribute to promoter occupancy by stabilizing 
interactions between the components of the 
enhanceosome. Stabilization of the enhanceosome by 
CIITA could underlie a number of unexplained 
observations. First, in certain cell types, in vivo 
occupation of MHC-II promoters requires expression of 
CIITA. Second, in certain RFX-def icient cells, over 
expression of CIITA can lead to a partial rescue of 
MHC-II expression. Finally, RFX5 -/- mice exhibit 
residual MHC-II expression in cell types that are 
likely to express high levels of CIITA. 
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